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Abstract 
Proton chemical shift prediction of deoxyribonucleic acid (DNA) facilitates the 
resonance assignment step in determining solution structures of DNA and investigating 
DNA-drug or DNA-protein interactions using multidimensional nuclear magnetic 
resonance (NMR) spectroscopy. At present, there are several methods to predict proton 
chemical shifts of DNA in either random coil or duplex forms. Yet, chemical shift 
prediction methods of mismatches in DNA duplexes have not been available. In this 
thesis, a proton chemical shift prediction method for predicting A.A mismatch and its 
flanking nucleotides in B-DNA duplexes has been established based on the nearest 
neighbor model and the base pair replacement approach. The A.A mismatch triplet 
chemical shift values extracted from reference hairpin samples are used for predicting 
proton chemical shifts of mismatched A whereas 5'- and 3'-correction factors are used 
for predicting proton chemical shifts of its flanking nucleotides. These correction 
factors were determined from chemical shift differences upon replacing the A.A 
mismatch with an A.T base pair in reference hairpin samples. Using these triplet values 
and correction factors, the root-mean-square deviation (RMSD) between 624 sets of 
predicted and experimental chemical shifts was found to be 0.07 ppm with an excellent 
correlation coefficient of 0.9997. The applicability of the base pair replacement 
approach for determining the correction factors have also been verified by another set of 
reference samples with a T.A base pair instead of A.T base pair. Some of the results of 
this thesis have been reported in the following publication: 
Lam, S.L., Lai, K.F. & Chi，L.M. (2007). Proton chemical shift prediction of A-A 
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Chapter One: Introduction 
1.1 Chemical Shift Prediction of Nucleic Acids 
1.1.1 Chemical Shift 
Chemical shift describes the difference between the nuclear magnetic 
resonance frequencies of a given nucleus and a standard reference nucleus. It is 
caused by the different electronic environment around the nucleus. Small structural 
or conformational change of molecules affects the electronic environment around the 
nuclei. Thereby, chemical shift is sensitive to structural changes and can be used to 
correlate with structures. For instance, chemical shift can be used to determine 
protein secondary structures (1,2). Besides, chemical shift-structure correlations 
have also been established for double helical DNA, RNA and random coil DNA. 
1.1.2 Chemical Shift Prediction of Double Helical DNA and RNA 
Several methods have been established for predicting proton chemical shifts 
of double helical DNA (3,4) and RNA (5). The methods developed by Wijmenga 
and co-workers (3,5) are based on electrostatic, magnetic anisotropic and ring current 
models (6) to study the structural origins of chemical shifts of different protons in 
double-helical DNA (3) and RNA (5). Proton chemical shift o f a nucleotide X in 
double helical DNA (5pred，DNA(X)) and RNA (5pred’RNA(X)) can be predicted based on 
the calculated reference chemical shift (6ref), chemical shift effects induced by its 
own base (5ib)，3，- ( 6 3 ' b ) and 5'-neighboring bases (Ss-b) (equation 1.1) or flanking 
bases (5eb) (equation 1.2). 
Spred ’DNA(X) = 5ref + 5 ib + 53’b + 65'b [1.1] 
§ p r e d , R N A (X) = 6ref + Sjb + 5eb [1.2] 
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These calculated values are based on semi-empirical relations derived from Giessner-
Prettre and Pullman (7). The reported prediction accuracy for DNA and RNA are 
0.17 ppm and 0.16 ppm, respectively. 
The method established by Altona and co-workers (4) is based on 
homologous DNA double helical structures in which a double helical DNA chemical 
shift database was set up based on previously assigned data from literature. These 
data were then statistically analyzed to give a set of chemical shifts and neighbor 
effect correction factors for different types of nucleotides. Proton chemical shift of a 
nucleotide X (6pred(X)) of the central residue of triplet, N X N or at either terminal 
positions in a doublet N^'XE^' or E^'XN^' can be predicted using the following 
equations: 
5pred(X) = 5 X + AN5 ’+ AN3’ [1.3] 
5pred(X) = 5 X + AE5’ + AN3, [1.4] 
Spred(X) = 5 X + AN5’ + AE3’ [1.5] 
• . 5， ^ > 
where 6X represents the reference chemical shift value, AN and AN represent the 
incremental shielding or deshielding contribution from the nearest neighbor 
5， 3’ 
nucleotide at 5'- and 3'-sides, respectively, AE and AE represent the effect of the 
absence of a phosphate group and attached residue at the 5'-and 3'-termini. The 
reported prediction accuracy of this method is 0.04 ppm. This method is more 
precise and accurate for predicting proton chemical shifts but it cannot provide 
detailed structural origins of proton chemical shifts in double helical DNA. 
1.1.3 Chemical Shift Prediction of Random Coil DNA 
Proton (8)，carbon (9) and phosphorus chemical shift (10) predictions of 
random coil DNA have also been established. Homologous 17-nucleotide DNA 
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random coil sequences containing different DNA triplets were measured for 
developing triplet chemical shift values databases and determining next-nearest 
neighbor correction factors. For random coil proton chemical shift prediction, the 
pentamer model ( N j N f X N f N j ) which is based on a set of triplet chemical shift 
values 5j^p,g,(NfXNf) and next-nearest neighbor correction factors, has been used, 
i.e. 
5pred(X) = S _ e t ( N 「 X N f ) - 《 - A f + A ? + A f [1.6] 
where 6pred(X) is the predicted chemical shift of X，Af^ and A厂 are the next-nearest 
neighbor effect of thymine on X in the original 17-nucleotide DNA random coil 
DNA sequences, A【n and A【n are the next-nearest neighbor effect on X in the 
predicted sequences. The reported prediction accuracy of this method is 0.02-0.03 
ppm. 
For predicting random coil carbon chemical shifts, the prediction method is 
based on trimer model (N^ XN^) as only nearest neighbor effects has been found to 
be significant (9)，i.e. 
6pred(X) = 6triplet(N''XN'') [1.7] 
The reported prediction accuracy of this method is 0.09-0.10 ppm. 
For random coil phosphorous chemical shifts, the prediction method can be 
based on either a dimer (N^'pX) or a trimer model (N^'pXN^') (10)，i.e. 
6pred(X) = 6dimer(N^'pX) [1.8] 
6pred(X) = 6trin.er(N''pXN'') [1.9] 
The reported prediction accuracy of this method using dimer and trimer models is 
0.03 ppm and 0.02 ppm, respectively. 
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1.1.4 Applications of Nucleic Acid Chemical Shift Prediction 
Predicted DNA chemical shift values can be used as reference guide to 
facilitate the resonance assignments using nuclear Overhauser enhancement 
spectroscopy (NOESY) and correlated spectroscopy (COSY) spectra. Then, 
structural constraints like nuclear Overhauser effect (NOE) intensities and scalar 
coupling constants can be assigned to the right pair of protons so as to speed up the 
solution structure determination process. Recently, a web server called DSHIFT (11) 
has been established for predicting these DNA chemical shifts in double helical and 
random coil forms. 
Moreover, chemical shift prediction can provide reference chemical shift 
values for well-defined nucleic acid structures so that local structural changes 
induced by the binding with another molecule can be detected. For instances, 
chemical shift prediction helps us to investigate nucleic acid-protein (12)，nucleic 
acid-drug (13-16) and nucleic acid-intercalator (17) interactions. 
1.2 General Review of DNA Structure 
1.2.1 Structure and Nomenclature of Nucleotide 
DNA is a biopolymer made of the repeating units called nucleotides. Each 
nucleotide consists of a deoxyribose sugar, an aromatic base and a phosphate. The 
aromatic base can be either a purine (adenine(A) or guanine (G)) or a pyrimidine 
(cytosine (C) or thymine(T)). Figure 1.1 shows the numbering scheme of atoms in 
the base unit and the nomenclature of protons in the sugar unit. 
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( A ) Purine Bases Pyrimidine Bases 
Adenine (A) Guanine (G) Cytosine (C) Thymine (T) 
〇 H H 
？人 N 人 H ？ 人 N 入 H 大 人 。 H 人 + 人 0 
‘ I f^  I I 
(B) _ 
〇 H5" H5' 
I \ / Base 
O - . P - O - Y 
-；I ^ 
0 MH3' H 乡 
h4N m r 
— H 2 " 
Figure 1.1 (A) Numbering scheme of atoms in the base unit. (B) Nomenclature of protons 
in the sugar unit. 
1.2.2 Structure of Polynucleotide 
Mononucleotides are linked together by 3'-5' phosphodiester bonds to form 
the sugar-phosphate backbone in polynucleotides. Aromatic bases in two 
complementary polynucleotide strands can pair up to form Watson-Crick A.T and 
G.C base pairs (Figure 1.2). 
Sugar /M^ / … " ' A Sugar, 
g n K , N - H — — 0 Sugar 
\H 0 \sugar ^ 
Adenine Thymine Guanine Cytosine 
Figure 1.2 Watson-Crick A T and G C base pairs. Dotted line represents hydrogen bonds. 
1.2.3 Sugar Conformation in Nucleotide 
The deoxyribose sugar is generally nonplanar. The sugar conformation is 
governed by the endocyclic torsion angles (vi) (Figure 1.3) and is described in term 
5 
of pseudorotation angle (P) and pucker amplitude (Om). Relationships among P, 
and Vi are shown in equations 1.10 and 1.11. 
_ ( V 4 + V , ) - ( V 3 + V。） 
tanP = — — — “ 、 3 — — ^ [1.101 
2v2(sin36。+ sin72°) ‘ “ 」 
① [1.11] 
cosP 
V q ： c 4 ' - 0 4 ' - c r - C 2 " b a s e 
V i : 04 ' -C r -C2 ' -C3 ' 
V。: Cr -C2 ' -C3 ' -C4 ' 〜 ， 
丄 V 
V 3 : C2'-C3'-C4'-04' 
V . : C3 ' -C4 ' -04 ' -Cr Z \ 
4 04 ' C2 丨 
A / 
—P — 05' — C5 '~C4 '—~C3 ' — 03'-
3 
Figure 1.3 The endocyclic torsion angles (V0-V4) in sugar ring. 
According to the pseudorotation cycle of the furanose ring in Figure 1.4 (18), 
the sugar conformation can be basically divided into the north (N) type (270° < 
360° or Cr ： ^ <90°) and the south (S) type (90。<P ^ 7 0 ° ) . Two sugar conformers 
are usually preferred: C3'-endo (0° <P <36°) in the N-type and C2'-endo (144° 
<190°) in the S-type (Figurel.5). These conformers usually exist in equilibrium and 
interchange rapidly because of the low energy barrier between them (18). Therefore, 




3 2 4 ^ I 
Z I C3'-endo / 
288V j / 入72。 
2 7 。 { ^ ) 9 0 ° 
252\ I \ /l08° 





Figure 1.4 Pseudorotation cycle of the furanose ring in nucleotide. N and S represent 
north and south hemisphere of the cycle, respectively. The ranges of C2，-endo 
and C3，-endo are shown in the cycle. 
(A) (B) N 
C 5 ' N C5 ' 2' / 
4, ^ 4' 3' 1， 
Figure 1.5 Preferred sugar conformation in DNA, (A) CS'-endo and (B) C2'-endo. 
1.2.4 Double Helical DNA Conformation 
Three major double helical DNA conformations are A-, B - and Z-DNA. 
These conformations depend on sequence and environmental condition. B -DNA is 
the most common form in l iving organisms, in which the double helix is right-
handed under high humidity and the sugar conformation is mainly C2'-endo. When 
D N A is partially dehydrated under alcoholic condition, right-handed A -DNA with 
mainly C3'-endo sugars w i l l be formed. Left-handed Z-DNA wi l l be formed in 
alternating d(CG)n sequences under high concentration o f sodium chloride or 
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alcoholic condition. Table 1.1 summarizes the conditions, handedness and sugar 
conformation of A-，B- and Z-DNA. 
Table 1.1 Conditions, handedness and sugar conformation of A-, B- and Z-DNA. 
A-DNA B-DNA Z-DNA 
Condition Dehydrated in High humidity 1. High concentration of sodium 
alcoholic condition chloride or alcoholic condition 
2. Alternating d(CG)n sequence 
Handedness Right Right Left 
Sugar C3'-endo C2'-endo C: C2'-endo 
conformation G: C3 ’ -endo 
1.3 A.A Mismatches in DNA Duplexes 
1.3.1 Mismatches in DNA Duplexes 
DNA mismatches may form during DNA replication. I f the mismatches are 
not repaired, genetic integrity wi l l be affected. Figure 1.6 shows two possible 
mechanistic pathways leading to the formation of DNA mismatches: the direct 
misincorporation of nucleotides (19) and strand misalignment (20). 
( A ) dATP 
I 
5. CATGC ^ 5' CATGCA 
3, GTACGAGCTAACGTG-5' 3. GTACGAGCTAACGTG-5' 
Template 
(B) dGTP dGTP 
5_ TGCC _ ^ 5 ’ TGCC G 5' JGCCGG 
3' ACGGTCCGGTACG-5’~^3- ACGG CCGGTACG-5' 3' — ACGGTCCGGTACG-5' 
Template 丁 Mismatch error 
Misaligned structure 
Figure 1.6 Occurrence of DNA mismatches by (A) direct misincorporation of nucleotides 
and (B) strand misalignment during DNA replication. 
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1.3.2 Biological Significance of A.A Mismatches 
A A mismatches are associated with the formation o f hairpin structures in 
trinucleotide repeat expansion of (CAG)n sequence which leads to genetic 
neurodegenerative diseases like Hungtington's disease (21-27). During D N A 
replication, CAG repeat sequence may slip out to form hairpin structure with A A 
mismatches (Figure 1.7). Moreover, trinucleotide repeat sequences of GAC (22), 
GAG (28) and A A A (28) may also form hairpin structures with A A mismatches. 
Therefore, A .A mismatches play an important role in the process of the slipped 













Figure 1.7 CAG repeat sequence may slip out forming hairpin structure with A-A 
mismatches during DNA replication. 
1.4 Purpose of the Work 
In order to widen the applications of D N A chemical shifts and to facilitate 
structural studies o f B -DNA containing mismatches, this project aims to develop a 
proton chemical shift prediction method of A-A mismatches in B -DNA duplexes. 
The proposed prediction method and testing results w i l l be discussed in the following 
chapters. 
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Chapter Two: Materials and Method 
2.1 Overview of the Proposed Prediction Method 
2.1.1 Nearest Neighbor Model 
Figure 2.1 A shows a DNA duplex containing a single A .A mismatch. W and 
W，，X and X，，Y and Y ' and Z and Z ' are Watson-Crick base pairs and W, X, Y and 
Z can be one of the four bases. X and Y, W and Z are the nearest and next-nearest 
neighbors of the mismatched A in the top strand, respectively. According to 
literature (3,4,29), B-DNA proton chemical shifts of a particular nucleotide is mainly 
affected by its 5'- and 3'-nearest neighbor nucleotides. Therefore, the prediction 
method developed in this study wi l l focus on the proton chemical shifts of 
mismatched A and its flanking nucleotides. The X A Y triplet chemical shift values of 
duplexA.A(XAY)，can be used to predict proton chemical shifts of mismatched A in 
any B -DNA duplexes. 
(A) (B) 
5' W X A Y Z 3' 5， W X AY Z 3' 
3' W X'AY' Z' 5' 3' W X' T Y' Z 5' 
duplexA-A(XAY) duplexAT(XAY) 
Figure 2.1 A general double helical B-DNA duplex containing: (A) an A.A mismatch or (B) 
an A T base pair. 
2.1.2 Base Pair Replacement Approach 
In order to predict the proton chemical shifts of the flanking nucleotides of 
the mismatched A, the base pair replacement approach is used in which the predicted 
chemical shift values of normal duplexes (4) and neighbor effect correction factors 
are required. Upon replacing the A T base pair with an A.A mismatch (Figure 2.IB), 
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the proton chemical shifts of the nearest neighbor nucleotides of the mismatched A 
are affected. By measuring the chemical shift changes of these neighboring 
nucleotides, the 5，- and 3'-correction factors can be obtained for predicting the 
chemical shifts of the flanking nucleotides of mismatched A. 
2.2 Sample Design 
2.2.1 Reference Sequences for Obtaining Triplet Values and 
Correction Factors 
Experimental A.A mismatch triplet chemical shift values were extracted from 
a set of 15-nucleotide refA-A(XAY) hairpin sequences (Figure 2.2A), mimicking 
duplexA.A(XAY) (Figure 2.1 A). The 5'-GAA loop was used to connect the top and 
bottom strands in order to simplify the sample preparative work. Similarly, another 
set of reference sequences, refA-T(XAY) (Figure 2.2B)， mimicking 
duplexA.T(XAY) (Figure 2.IB), were also prepared for determining the neighbor 
effect correction factors. A total of 16 sequences were synthesized and purified for 
each set of samples. The " X A Y " in parenthesis indicates the triplet X A Y in which 
the central A is in the top strand of the A.A mismatch or A.T base pair. 
Top Strand (A) 5 ' - C G X A Y G ^ ^ (B) 5 ' - C G X A Y G ^ 
Bottom strand 3 ' - G C X ' A Y ' C a 3 ' - G C X ' T Y ' C a 
refA-A(XAY) refAT(XAY) 
Figure 2.2 Design of reference sequences: (A) refA-A(XAY) and (B) refA-T(XAY), mimicking 
duplexA-A(XAY) and duplexA-T(XAY), respectively. 
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2.2.2 Sequences for Verifying the Base Pair Replacement Approach 
The applicability of the base pair replacement approach was verified by 
another set of reference sequences, refT-A(XTY) (Figure 2.3A). This set of 
sequences mimics B-DNA duplexes containing a T.A base pair, duplexT-A(XTY) 
(Figure2.3B) and corresponds to refA-A(XAY) in which the A .A mismatch is 
replaced by a T.A base pair. 5'- and 3'- correction factors were also determined by 
the proton chemical shift differences of X and Y in refT-A(XTY) and refA.A(XAY). 
( A ) 5 ' - C G X T Y G G ( B ) 5 ' W X T Y Z 3 ' 
3 1 - G C X 丨 A r C ^ A 3' W X ' A Y ' Z ' 5 ' 
r e f T - A ( X T Y ) d u p l e x T A ( X T Y ) 
Figure 2.3 Design of (A) refT A(XTY) sequences mimicking (B) duplexT-A(XTY). 
2.2.3 Sequences for Testing Chemical Shift Prediction Accuracy 
In order to test the accuracy o f the proposed prediction method, eight 
additional B -DNA duplexes (Table 2.1), in which each strand contains 15 
nucleotides with two A.A mismatches separated by five nucleotides, were 
synthesized and prepared. A total of 624 experimental proton chemical shifts of 
mismatched A and its flanking nucleotides were extracted for testing purpose. 
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Table 2.1 A list of sequences used for testing the prediction accuracy in this study. 
Testing sequence Strand Sequence 
number label 
1 a 5 ’-CGC AAC GTG TAG CGG-3 ’ 
b 3，-GCG TAG CAC AAC GCC-5 ’ 
2 a 5 '-CGC GAA GTG TAT CGG-3 ’ 
b 3 '-GCG CAT CAC AAA GCC-5 ’ 
3 a 5 '-CGC AAG GTG CAC CGG-3 ’ 
b 3'-GCG TAG CAC GAG GCC-5 ’ 
4 a 5 '-CGC GAC GTG TAA CGG-3 ’ 
b 3 '-GCG CAG CAC AAT GCC-5 ’ 
5 a 5'-CGC AAT GTG CAG CGG-3 ’ 
b 3 '-GCG TAA CAC GAC GCC-5 ’ 
6 a 5'-CGC TAG GTG AAC CGG-3 ‘ 
b 3'-GCG AAC CAC TAG GCC-5 ’ 
7 a 5'-CGC TAT GTG GAA CGG-3 ’ 
b 3 '-GCG AAA CAC CAT GCC-5 ’ 
8 a 5 '-CGC CAC GTG AAG CGG-3 ’ 
b 3 '-GCG GAG CAC TAG GCC-5 ’ 
2.3 Sample Preparation 
The reference DNA hairpin sequences were synthesized by an Applied 
Biosystems 392 DNA/RNA synthesizer using phosphoramidite method on the solid 
support. The synthesized DNA strand on the support was cleaved by ammonium 
hydroxide solution (-28-30%) and kept at 55 °C for 8 hours to remove the protecting 
groups on the exocyclic amine of bases. The deprotected DNA sample was then 
dried and purified by 20% denaturing polyacrylamide gel electrophoresis. After 
electrophoresis, the DNA gel band was visualized using UV shadowing and cut. 
Then the purified DNA was separated from gel by electroelution. The sample was 
then further purified by diethylaminoethyl Sephacel anion exchange chromatography 
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and finally desalted using Centricon-3 concentrator. The quantity of the purified 
DNA sample was determined by ultra-violet absorbance at 260 nm. 
In order to prepare the DNA sample for NMR analysis, 0.5 fxmole purified 
DNA was dissolved in buffer solution containing 150 rtiM sodium chloride, 0.1 rt iM 
2,2-dimethyl-2-silapentane-5-sulfonic acid (DSS) and 10 m M sodium phosphate at 
pH 7.0. 
2.4 NMR Experiments 
Nuclear Overhasuer enhancement spectroscopy (NOESY), double quantum 
filtered-correlation spectroscopy (DQF-COSY), total correlation spectroscopy 
(TOCSY)，iH-i3c/iH-3ip heteronuclear single quantum correlation (HSQC) and ^H-
13c heteronuclear multiple bond correlation (HMBC) experiments were performed 
in order to assign the resonance peaks of all DNA samples. N M R experiments were 
performed on either Bruker ARX-500 or AV-500 NMR spectrometer operating at 
500.13 MHz and acquired at 25 °C unless stated otherwise. A l l acquired NMR data 
were processed by Topspin 1.3 (Bruker Spectrospin) and the most upfield signal of 
DSS was set at 0 ppm to serve as the internal chemical shift reference. 
2.4.1 Non-labile Proton Resonance Assignment 
To assign the non-labile protons, NMR experiments were performed on D N A 
samples dissolving in 99.96% D2O buffer solution. NOESY, DQF-COSY and 
TOCSY experiments were performed with a 2-s presaturation pulse to suppress the 
residual HDO signal. The mixing times for NOESY and TOCSY were at 300 ms 
and 75 ms, respectively. The spectral width was set to 11 ppm and the carrier 
frequency was located at the residual HDO signal. The relaxation delay for each 
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experiment was set to two seconds. A total of 512 free induction delays (FID) with 
4096 complex data points each were collected. The acquired data matrix was zero-
filled to give 4k x 4k data set with cosine window function applied to both 
dimensions. For performing ^H-^^C HSQC (30，31)/HMBC (32) and HSQC 
experiments, the acquired data sizes were 4k x 300，2k x 200 and 4k x 256, 
respectively. GARP-1 (33) and WALTZ-16 (34,35) pulse sequences were used for 
heteronuclear decoupling in and HSQC experiments, respectively. 
The acquired data matrix was zero-filled to give I k x Ik data set with cosine window 
function applied to both dimensions. The '^C and ^'P chemical shifts were indirectly 
referenced to DSS using the relative frequencies of ' ^C /H ratio of 0.251449530 and 
of 3ip/iH ratio of 0.404808636, respectively (36). 
Base protons H6/H8 and sugar protons H I VH2VH2" in reference samples 
were assigned sequentially in NOESY spectra by intranucleotide and intemucleotide 
NOE connectivities (Figure 2.4). In addition, adenine H2，cytosine H5 and thymine 
H7 were assigned by intranucleotide NOE connectivties (Figure 2.5) (37,38). In case 
of serious spectral overlap in these base protons, ^H-^^C HSQC (30,31) and HMBC 
(32) spectra were used to confirm the assignment. 
O H，"H5' 
‘ \ > 
0 : p _ 0 J o Base(H6/H8) 
O - t P - O — ^ O . /Basi(H6/H8) 




Figure 2.4 Intranucleotide (solid arrows) and Intemucleotide (dotted arrows) NOEs between 
the base protons H6/H8 and sugar protons H1VH2VH2". 
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(A) Adenine (B) Thymine (C) cytosine 
一 O NH, 
？ H5" I I \ T L T L 
O 5 ? - 人 N 、 2 i^H^O 产 O 
•''。 W 划 sJgar sJgar 。1_Z 
？ H2" 
Figure 2.5 Intranuclotide NOEs (solid arrows) between protons within (A) adenine, (B) 
thymine and (C) cytosine. 
Sugar protons H I ' , H2', H2" and H3' were assigned through the scalar 
connectivities between these protons using DQF-COSY and TOCSY experiments. 
In addition, HSQC and HSQC experiments can confirm the 
assignments when there were ambiguous assignments of sugar H3 ‘ proton. 
2.4.2 Labile Proton Resonance Assignment 
For assigning labile protons, all samples were dissolved in 90% H2O/IO0/0 
D2O buffer solution. WATERGATE-NOESY experiments (39) were performed at 
300 ms mixing time with TPPI method (40). The spectral width was set to 21 ppm 
and the carrier frequency was located at the water signal. The recycling delays were 
set to two seconds. A total of 4k x 512 data were collected. The acquired data matrix 
was zero-filled to give 4k x 4k data set with cosine window function applied to both 
dimensions. 
After the sequential assignment of the non-labile base protons, the imino and 
amino protons (G-NH, T-NH and C-NH41 and C-NH42) were assigned by 
WATERGATE-NOESY experiments (41) through the NOE connetivities within 
Watson-Crick A.T and G.C base pairs (Figure 2.6). 
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n O ？(H7)3 T / M / V V H 6 
P “ \ / . N ^ N—H——N / 
r y i r\ Sugar/- ^ / y ^N 
Sugar/M^ A - H …』Sugar 
O ^sugar ^^  
Adenine Thymine Guanine Cytosine 
Figure 2.6 NOEs connectivities (solid arrows) within Watson-Crick A T and G C base pairs. 
2.5 Validating the Assumption in Reference Hairpin 
Model Samples 
In order to validate the assumption that the stem region of reference hairpin 
samples behaves similarly as B-DNA, H6/H8 chemical shifts of the nucleotides in 
the stem region of refA.T(XAY) were compared with the predicted values for B-
DNA using the Altona and co-workers method (4). The stem region behaves like B-
DNA i f the experimental chemical shifts are similar to the predicted chemical shifts. 
In addition, sugar conformation in B-form DNA is mainly S-type in solution. 
Sugar conformations of the nucleotides in the stem region were also determined by 
measuring the scalar coupling constants of 3Jhi,h2’ in DQF-COSY spectra (42-46). 
For accurate and precise measurement of ^Jhi'hz', the acquired data matrix from 
DQF-COSY was processed with zero-filling to give 16k x 16k data and sine window 
function were applied to the both dimensions to enhance the resolution of the cross 
peaks. Table 2.2 shows the range of ^Jhi'H2' for N- and S-type sugar conformations 
in DNA (45). 
Table 2.2 Range of 3」訓2, for sugar conformation in DNA®. 
Sugar conformation Range of ^Jh i ’h2’ (Hz) 
N-type 0 .7 -8 .4 
S-type 8.5-10.7 
a The pucker amplitude (Om) of sugar is assumed to be 36°. 
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Chapter Three: Establishment of Proton Chemical 
Shift Prediction Method of A A Mismatches in B-
DNA Duplexes 
3.1 Resonance Assignment 
3.1.1 Non-labile Protons 
Figure 3.1 shows the sequential assignment result in the NOESY fingerprint 
region of refA-T(AAA). The sequential assignment results of refA-T(XAY) and 
re fA.A(XAY) have been summarized in Appendices I and II，respectively. 
1 2 3 4 5 6 ^ 
5_-CG A A A G 。 
… o A 9 p . . 3"-GCT TTC A 
a 恐 野 1 … … 兮 
ppm . l i l i j C j J & f ^ j r T i ^ — . . . —！. 
5 0 - i « 。 • - 沪㊣ n 
r fG2 
妥 5 . 5 」 . C.10 G6 
6 _ • m > I 
； Af I 毫 14 
I ^ ^ ： ^ 
fin- A3 A8 A5 « r T13 
• i,G15 T 1 2 炉 。 
丁” 
6.5 ~J , . 1 1 ‘ 1 ‘ 1 • I ‘ 1 ‘ 
8.2 8.0 7.8 7.6 7.4 7.2 ppm 
A-H2/H6/H8 
Figure 3.1 Sequential assignment of refA.T(AAA) in the NOESY fingerprint region at 25 °C. 
Based on scalar connectivities between sugar protons, DQF-COSY and 
TOCSY experiments were used to assign the sugar HI，，H2', H2' and H3' protons. 
Figure 3.2 shows assignment result of refA.T(AAA) in the H l ' - H 2 ' / H 2 " region o f 
DQF-COSY spectrum. The H r - H 2 ' / H 2 " assignment results of re fA.T(XAY) and 
re fA-A(XAY) are shown in Appendices I I I and IV, respectively. 
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ppm I ~ 1 2 3 4 5 6 7 
C1 I S ' - C G A A A G G 
敏 O 3 ' -GCT T T C A 
砂 15 14 13 12 11 10 Q 
•C14 
2.0- T13 A8 锻 ji 
l ^ j t | i | : A 5 | J | 。 J 
A9 FLRT^W 
3.0- 1 
. I • 1 ‘ I ‘ 1 ‘ I ‘ I ‘ I 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
H1_ 
Figure 3.2 Resonance assignment of refAT(AAA) in the H1'-H2VH2" region of DQF-
COSY spectrum at 25。C. 
In addition, overlapped cross peaks of sugar H3' protons were resolved by 
iH-3ip HSQC experiments. Figure 3.3 shows the ^H-^'P assignment results of 
refA-T(AAA). The assignment results of refA.T(XAY) and refA.A(XAY) in H3' 
region of HSQC spectra are shown in Appendices V and VI，respectively. 
ppm ‘ 1 2 3 4 5 6 7 
- A9 盐 5,-CGAAAGG 
15 14 13 12 11 10 9 
- 4 . 5 - A8 
T11 T12 G7 . • 





• I I 丨 … … … 丨 丨 
5.1 5.0 4.9 4.8 4.7 4.6 ppm 
H3' 
Figure 3.3 Resonance assignment of refA-T(AAA) in the H3' region of ^H-^V HSQC 
spectrum at 25 °C. 
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Owing to serious spectral overlap of the sugar H4' , H5' and H5" proton 
signals, chemical shifts of these protons have been excluded in this study to 
minimize the uncertainty contributed to the prediction method due to ambiguous 
assignments. The non-labile proton and phosphorus chemical shifts o f refA-T(XAY) 
and re fA.A(XAY) have been tabulated in the Appendices V I I and VI I I , respectively. 
3.1.2 Labile Protons 
Figure 3.4 shows the labile proton assignment result of refA-T(AAA). The 
labile proton assignment results of refA-T(XAY) and refA-A(XAY) are also 
provided in Appendices I and 11. The labile proton chemical shifts o f refA.T(XAY)， 
and re fA.A(XAY) samples are tabulated in the Appendices V I I and VIII， 
respectively. 
T11 G6 5'-CGAAAGG . 
T12 t13 G2 I A5 3 ' - G C T T T c / ° 
ppm . . x i i 
1 11 I I I p 
.. F 务"nc salLjgj^BE r 广 ' 1 
in 5 - ..。•_•• • 『 • 
^ . , 
0 C14 .. . • 
f . y I 
s 6: TT 
z 
1 ：丨— 
I I I Si 1 d ^  
o ^ , 
9 '""I I ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' 
14 ppm 8.5 8.0 7.5 7.0 ppm 
NH C-NH41 A-H2 C-NH42 
Figure 3.4 Labile proton assignment of refAT(XAY) in WATERGATE-NOESY spectrum at 
25 °C. 
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3.2 Validating the Assumption in Reference Hairpin 
Model Samples 
Tables 3.1 and 3.2 show the difference between the predicted and 
experimental H6/H8 chemical shifts and the ^JHrH2' values of the nucleotides in the 
stem regions of refA.T(XAY)，respectively. Except for the loop closing base pair 
G6.C10, the H6/H8 chemical shift differences of other nucleotides in the stem region 
are relatively small, indicating the stem region behaves similarly to B-DNA 
duplexes. In addition, the measured ^Jhi 'H2' values for most of the nucleotides in 
stem region fall into the range for S-type sugars in B-DNA duplexes, i.e. 8.5 -10.7 
Hz. As a result, the assumption that the stem region of the hairpin model behaves 
like B -DNA duplexes is valid. 
Table 3.1 The difference between the predicted and experimental H6/H8 chemical shifts of 
nucleotides in stem region of refA-T(XAY). 
Chemical shift difference (ppm) 
XAY triplet 
CI G2 X3 A4 Y5 G6 CIO Y ' l l T12 X’13 CM G15 
AAA 0.02 0.05 -0.11 -0.04 0.24 0.63 -0.39 -0.05 -0.10 -0.06 -0.07 -0.04 
AAC 0.02 0.04 -0.13 -0.02 0.25 0.68 -0.48 -0.08 -0.04 -0.03 -0.07 -0.05 
AAG 0.01 0.03 -0.12 -0.05 0.26 0.68 -0.41 -0.09 -0.06 -0.07 -0.07 -0.04 
AAT 0.03 0.04 -0.13 -0.14 0.26 0.62 -0.42 -0.10 -0.07 -0.02 -0.06 -0.04 
CAA -0.03 0.02 -0.06 -0.02 0.15 0.60 -0.39 -0.02 -0.08 -0.06 -0.10 -0.03 
CAC -0.02 0.02 -0.09 -0.02 0.15 0.65 -0.48 0.07 -0.04 -0.03 -0.09 -0.03 
CAG -0.03 0.02 -0.09 -0.03 0.16 0.64 -0.42 -0.06 -0.04 -0.06 -0.10 -0.03 
CAT -0.02 0.02 -0.10 -0.06 -0.17 0.61 -0.43 -0.08 -0.08 0.01 -0.08 -0.02 
GAA 0.04 0.03 -0.10 -0.05 0.21 0.61 -0.39 -0.03 -0.08 -0.02 -0.08 -0.04 
GAC 0.03 0.02 -0.12 -0.06 0.23 0.65 -0.47 -0.07 -0.05 0.00 -0.08 -0.06 
GAG 0.03 0.02 -0.12 -0.07 0.22 0.66 -0.41 -0.08 -0.07 -0.02 -0.08 -0.06 
GAT 0.04 0.02 -0.12 -0.07 0.20 0.61 -0.42 -0.08 -0.06 0.02 -0.08 -0.05 
TAA -0.04 -0.02 -0.04 -0.03 0.16 0.60 -0.39 -0.01 -0.05 -0.06 -0.11 0.02 
TAC -0.04 -0.02 -0.07 -0.04 0.16 0.65 -0.47 -0,06 -0.03 -0.04 -0.11 0.02 
TAG -0.04 -0.02 -0.07 -0.03 0.16 0.65 -0.41 -0.06 -0.03 -0.06 -0.12 0.02 
TAT -0.04 -0.01 -0.08 -0.06 0.16 0.61 -0.42 -0.07 -0.07 0.01 -0.10 0.03 
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Table 3.2 J^HrH2' of nucleotides in stem region of refA-T(XAY). 
'Jhi'HJ-CHz)" 
XAY triplet 
CI G2 X3 A4 Y5 G6 CIO Y ' l l T12 X，13 CM G15 
AAA 8.6 10.2 10.1 9.4 9.5 10.3 8.8 9.7 9.7 9.6 8.7 9.3 
AAC 8.6 10.1 10.0 9.9 8.7 9.6 9.8 10.1 8.8 9.8 8.7 8.4 
AAG 8.4 10.2 10.3 10.1 10.0 10.4 10.2 8.8 9.3 9.4 9.0 8.3 
AAT 8.3 10.0 10.1 9.9 9.0 10.1 9.4 9.8 8.9 9.4 8.8 8.6 
CAA 8.3 10.0 10.1 9.9 9.0 10.4 10.1 9.8 8.9 9.4 8.8 8.6 
CAC 8.8 丨 0.2 9.8 9.6 8.8 9.0 10.0 丨 0.2 10.0 9.8 8.5 8.3 
CAG 8.4 9.9 9.5 10.0 9.4 9.7 10.0 9.2 9.6 9.9 8.4 8.4 
CAT 9.1 10.2 9.6 9.3 9.0 9.5 10.1 9.7 9.2 9.1 9.1 8.7 
GAA 9.1 10.1 10.0 9.5 9.8 10.2 9.8 9.3 9.9 9.0 8.9 8.7 
GAC 8.7 9.7 10.2 10.0 8.5 10.2 10.0 9.5 9.7 8.8 8.9 9.2 
GAG 8.7 9.9 10.2 9.8 9.8 10.0 10.0 9.5 9.7 9.8 9.1 8.8 
GAT 8.8 9.9 10.2 9.7 8.8 9.9 10.2 9.5 9.3 9.3 8.9 8.5 
TAA 8.4 9.8 9.8 9.8 9.8 10.2 9.5 9.1 9.8 10.丨 9.3 8.6 
TAC 8.5 10.0 9.9 9.4 9.8 10.3 9.9 9.8 9.5 9.4 9.1 8.5 
TAG 8.5 丨 0.0 10.0 9.8 9.9 10.3 10.2 8.7 9.7 9.9 8.3 8.4 
TAT 8.5 10.1 9.7 9.8 10.0 10.2 9.8 9.9 9.6 9.4 8.8 8.4 
a The estimated measurement uncertainty of ^ Jhi'H2' was 士 0.3 Hz. 
3.3 Extraction of A A Mismatch Triplet Chemical Shift 
Values 
A.A mismatch triplet chemical shift values can be used to predict chemical 
shifts of mismatched A in B-DNA duplexes. Table 3.3 shows the chemical shifts of 
mismatched A in different X A Y triplet extracted from the top strands of 
refA-A(XAY). In addition, another set of the A.A mismatch triplet chemical shift 
values were also extracted from the bottom strands of re fA-A(Y'AX' ) (Table 3.4). 
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Tables.3 Chemical shifts of A in XAY triplets extracted from the top strands of 
refA-A(XAY). 
5rcrA A{XAY ) (A) , p p m 
XAY triplet 
H6/H8 HI ' H2' H2" H3' H2 
AAA 8.046 5.730 2.601 2.601 4.977 7.673 
AAC 8.170 6.105 2.738 2.771 5.032 8.184 
AAG 8.034 5.815 2.580 2.580 4.961 7.879 
AAT 8.087 6.072 2.697 2.785 5.015 8.042 
CAA 8.116 5.515 2.518 2.518 4.896 7.512 
CAC 8.250 6.209 2.839 2.839 5.017 8.172 
CAG 8.089 5.613 2.497 2.567 4.864 7.630 
CAT 8.200 6.175 2.785 2.785 4.998 7.870 
GAA 8.147 5.840 2.768 2.768 5.028 7.874 
GAC 8.254 6.237 2.861 2.861 5.057 8.348 
GAG 8.135 5.926 2.741 2.741 5.013 8.114 
GAT 8.216 6.205 2.863 2.863 5.045 8.218 
TAA 8.109 5.647 2.570 2.570 4.921 7.602 
TAC 8.253 6.226 2.868 2.868 5.026 8.218 
TAG 8.090 5.705 2.538 2.538 4.895 7.696 
TAT 8.171 6.166 2.828 2.828 5.010 7.967 
Table3.4 Chemical shifts of A in XAY triplets extracted from the bottom strands of 
refA-A(Y'AX'). 
6rcrA A(XAY) (A) , PPITI 
XAY triplet 
H6/H8 HI’ H2' H2" H3’ H2 
AAA 8.127 5.810 2.737 2.737 5.036 7.701 
AAC 8.220 6.182 2.835 2.835 5.045 8.184 
AAG 8.110 5.842 2.673 2.673 5.010 7.900 
AAT 8.140 6.137 2.824 2.824 5.035 8.074 
CAA 8.154 5.568 2.613 2.613 4.933 7.574 
CAC 8.273 6.236 2.849 2.849 5.019 8.229 
CAG 8.129 5.608 2.565 2.565 4.898 7.668 
CAT 8.222 6.202 2.856 2.817 5.011 7.953 
GAA 8.200 5.878 2.864 2.864 5.063 7.934 
GAC 8.281 6.281 2.898 2.898 5.067 8.404 
GAG 8.196 5.958 2.828 2.828 5.049 8.216 
GAT 8.235 6.249 2.909 2.909 5.059 8.235 
TAA 8.147 5.878 2.645 2.645 4.950 7.596 
TAC 8.268 6.281 2.912 2.879 5.028 8.160 
TAG 8.126 5.958 2.584 2.584 4.914 7.660 
TAT 8.207 6.249 2.872 2.833 5.016 7.934 
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3.4 Calculation of the 5，- and 3'-Correction Factors 
As the base pair replacement approach was used to establish the prediction 
method for the flanking nucleotides of the mismatched A, 5'- and 3'-correction 
factors were calculated by measuring the changes in proton chemical shifts of 5'- and 
3'-nearest neighbor nucleotides after replacing the A A mismatch with an A.T base 
pair, i.e.: 
5 ' - A A A/A-T(XAY)(X) = 6refA A ( X A Y ) ( X ) - 5refA T(XAY)(X) [3.1] 
3，-AA.A/AT(XAY)(Y) = 5refA A(XAY) (Y) - 5refA.T(XAY)(Y) [3 .2] 
where 5refA.A(XAY)(X) and 5refA.A(XAY)(Y) are the proton chemical shifts of X and Y 
extracted from refA-A(XAY) whereas 3 R E F A T ( X A Y ) ( X ) and 5 R E F A T ( X A Y ) ( Y ) are the 
proton chemical shifts of X and Y extracted from refA-T(XAY). The 5,- and 3'-
correction factors have been summarized in Table 3.5 and Table 3.6, respectively. 
Table 3.5 5，-A.A correction factors of various protons extracted from the top strands of 
refA.A(XAY) and refA.T(XAY). 
5'-AA A/AT(XAY)(X), p p m 
Y ••- - • 
triplet H6/H8 HI， H2' H2" H3' A-H2 C-H5 T-H7 二 工 二 1 
AAA -0.137 -0.103 -0.211 -0.260 -0.091 0.276 -
AAC -0.114 -0.239 -0.202 -0.223 -0.060 0.185 - - - -
AAG -0.146 -0.071 -0.231 -0.279 -0.097 0.262 -
AAT -0.140 -0.156 -0.162 -0.095 -0.051 0.221 -
CAA -0.002 0.382 -0.095 -0.196 -0.105 - 0.045 - - -0.284 0.168 
CAC -0.083 -0.026 -0.391 -0.315 -0.079 - 0.004 - - -0.134 0.135 
CAG -0.014 0.419 -0.079 -0.168 -0.118 - 0.030 - - -0.299 0.067 
CAT -0.105 0.016 -0.39 丨-0 . 255 -0.091 - -0.018 - - -0.184 0.083 
GAA -0.093 -0.199 -0.219 -0.339 -0.090 - - - 0.003 - -
GAC -0.084 -0.378 -0.163 -0.286 -0.075 - - - -0.076 - -
GAG -0.097 -0.168 -0.245 -0.313 -0.084 - - - -0.103 - -
GAT -0.115 -0.327 -0.194 -0.175 -0.059 - - - -0.037 - -
TAA -0.039 0.277 -0.217 -0.245 -0.107 - - 0.038 -0.045 - . 
TAC -0.122 -0.036 -0.438 -0.339 -0.088 - - -0.008 -0.096 - . 
TAG -0.072 0.353 -0.189 -0.212 -0.103 - - 0.021 -0.167 - -
TAT -0.158 0.011 -0.427 -0.232 -0.092 - - -0.018 -0.022 - . 
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Table 3.6 3’-A-A correction factors of various protons extracted from the top strands of 
refA.A(XAY) and refA T(XAY). 
^ Y 3'-AA A/AT(XAY)(Y), p p m 
triplet H6/H8 HI' H2' H2" H3' A-H2 C-H5 T-H7 ^ ^ ^ ^ ^ ^ ^ ^ 
AAA 0.096 -0.005 0.123 -0.005 -0.004 -0.042 -
AAC 0.019 0.018 -0.089 -0.022 -0.018 - -0.037 - - -0.060 -0.039 
AAG 0.199 0.025 0.170 0.060 0.010 - - - -0.179 - -
AAT 0.036 0.055 -0.026 -0.017 -0.007 - - -0.108 0.071 - -
CAA 0.140 -0.072 0.214 0.039 -0.010 -0.090 - - - - -
CAC 0.019 -0.062 -0.129 -0.016 -0.040 - 0.077 - - 0.013 0.060 
CAG 0.250 -0.024 0.274 0.105 0.002 - - - -0.204 - -
CAT 0.076 -0.064 0.013 0.019 -0.032 - - 0.095 -0.135 - -
GAA 0.042 0.008 0.037 -0.021 -0.009 -0.032 - - - - -
GAC 0.002 0.005 -0.175 -0.037 -0.034 - 0.003 - - 0.002 0.000 
GAG 0.096 0.032 0.055 0.015 -0.007 - - - -0.142 - -
GAT -0.019 -0.00 丨 -0.128 -0.048 -0.037 - - -0.040 -0.067 - -
TAA 0.117 -0.037 0.164 0.016 -0.016 -0.029 - - - - -
TAC 0.006 -0.049 -0.126 -0.020 -0.031 - 0.052 - - 0.030 0.047 
TAG 0.239 -0.010 0.235 0.089 0.005 - - - -0.181 - -
TAT 0.051 -0.010 -0.007 0.004 -0.013 - - 0.030 -0.033 - -
Tables 3.7 and 3.8 show another set of correction factors determined by 
extracting proton chemical shifts from the bottom strands of re fA-A(Y 'AX ' ) and 
re fA-T(Y 'AX ' ) using equations 3.3 and 3.4, respectively. 
5'-AA-A/T A(XAY)(X) = 6refA A(Y'AX')(X) - 3refA.T(Y’AX’)(X) [3.3] 
3'-AA-A/T A(XAY)(Y) = 5refA A(Y'AX')(Y) - 3refA T(Y，AX’)(Y) [3.4] 
where 5refA.A(Y，AX，)(X) and 5refA.T(Y’Ax’)(X) are the chemical shifts o f X which located 
in the bottom strands from re fA-A(Y 'AX ' ) and re fA-T(Y 'AX' ) , respectively. 
5refA.A(Y’AX,)(Y) a n d 5refA T(Y 'AX' ) (Y) a re t h e c h e m i c a l s h i f t s o f Y w h i c h l o c a t e d i n t h e 
bottom strands from re fA-A(Y 'AX ' ) and refA-T(Y'AX' ) , respectively. 
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Table 3.7 5'-A.A correction factors of various protons extracted from the bottom strands of 
refA-A(Y'AX') and refAT(Y'AX'). 
X A Y 5'-AA AN- ACXAY^X), p p m 
triplet H6/H8 HI ' H2, H2" H3' A-H2 C-H5 T-H7 C-NH42 
T-NH NH41 
AAA -0.237 -0.601 -0.127 -0.308 -0.067 -0.209 - -
AAC -0.231 -0.701 -0.136 -0.281 -0.050 -0.241 - -
AAG -0.272 -0.525 -0.190 -0.318 -0.071 -0.211 - -
AAT -0.268 -0.524 -0.138 -0.122 -0.039 -0.254 - -
CAA -0.141 -0.180 -0.232 -0.349 -0.035 - 0.022 - - -0.226 0.005 
CAC -0.208 -0.439 -0.580 -0.414 0.007 - 0.032 - - -0.024 0.021 
CAG -0.123 -0.160 -0.137 -0.305 -0.091 - 0.008 - - -0.252 -0.017 
CAT -0.219 -0.349 -0.434 -0.316 -0.031 - 0.006 - - -0.122 -0.012 
GAA -0.125 -0.808 -0.181 -0.310 -0.074 - - - -0.011 - -
GAC -0.116 -0.891 -0.157 -0.289 -0.052 - - - -0.058 - -
GAG -0.142 -0.739 -0.191 -0.323 -0.073 - - - -0.039 - -
GAT -0.158 -0.715 -0.140 -0.159 -0.047 - - - -0.119 - -
TAA -0.154 -0.269 -0.291 -0.396 -0.100 - - 0.021 -0.485 - -
TAC -0.203 -0.512 -0.449 -0.451 -0.081 - - 0.023 -0.412 - -
TAG -0.131 -0.191 -0.181 -0.365 -0.098 - - 0.008 -0.426 - -
TAT -0.237 -0.375 -0.421 -0.311 -0.096 - - 0.014 -0.531 - -
Table 3.8 3'-A-A correction factors of various protons extracted from the bottom strands of 
refA A(Y'AX') and refAT(Y'AX'). 
3'-AA.An- A(XAY)(Y), ppm 
/\JK Y — ‘ 
triplet H6/H8 HI’ H2' H2" H3' A-H2 C-H5 T-H7 NSU N m 2 
AAA -0.147 -0.056 -0.062 -0.051 -0.065 0.241 - -
AAC -0.301 -0.128 -0.246 -0.100 -0.142 - -0.431 - - -0.442 -0.334 
AAG -0.092 0.018 -0.031 0.009 0.006 - - - -0.032 - -
AAT -0.278 -0.098 -0.182 -0.099 -0.060 - - -0.383 -0.330 - -
CAA -0.081 -0.059 0.008 -0.036 -0.020 0.138 - - - -
CAC -0.226 -0.086 -0.362 -0.061 -0.079 - -0.301 - - -0.419 -0.354 
CAG -0.014 -0.011 0.036 -0.024 0.007 - - - -0.206 - -
CAT -0.185 -0.082 -0.102 -0.085 -0.050 - - -0.180 -0.680 - -
GAA -0.190 -0.067 -0.107 -0.056 -0.012 0.169 -
GAC -0.309 -0.090 -0.253 -0.090 -0.074 - -0.418 - - -0.417 -0.378 
GAG -0.166 -0.009 -0.092 -0.018 0.003 - - - -0.080 - -
GAT -0.300 -0.105 -0.195 -0.101 -0.055 - - -0.344 -0.496 - -
TAA -0.110 -0.055 -0.009 -0.043 -0.034 0.168 - - - . 
TAC -0.247 -0.109 -0.207 -0.072 -0.091 - -0.316 - - -0.407 -0.287 
TAG -0.029 -0.018 0.060 0.021 0.015 - - - -0.109 - -
TAT -0.205 -0.085 -0.113 -0.097 -0.060 - - -0.218 -0.571 - . 
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3.5 Chemical Shift Prediction Using Triplet Values and 
Correction Factors Extracted from the Top Strands of 
refA A(XAY) and refA T(XAY) 
Based on the nearest neighbor model, the predicted chemical shift o f 
mismatched A in B-DNA duplexes is equal to the experimental A .A mismatch triplet 
chemical shift values from the top strands of refA-A(XAY) (Table 3.3). 
5pred(A) = 6refAA(XAY)(A) [3.5] 
The predicted chemical shift of X，which is located at the 5'- side of A .A 
mismatch in B -DNA duplex is equal to: 
5pred(X) = 6duplexAT(XAY)(X) + 5'-AA-A/AT(XAY)(X) [3.6] 
where 3dupiexA.T(xAY)(X) is the chemical shift of the X in the corresponding 
duplexA.T(XAY) sequences (Figure 2. IB) and 5'-AAA/AT(XAY)(X) is the 5'-
correction factor indicating the change in chemical shifts after replacing the A A 
mismatch with an A-T base pair (Table 3.5). 5dupiexA.T(XAY)(X) can be predicted by 
Altona and co-workers (4). The predicted chemical shift of Y，which is located at the 
3’-side of A .A mismatch in B-form DNA duplex, is equal to: 
5pred(Y) = 5duplexAT(XAY)(Y) + 3'-AA-A/A-T(XAY)(Y) [3.7] 
where 5dupiexA.T(xAY)(Y) represents the chemical shift of the Y in the corresponding 
duplex A-T(XAY) sequences (Figure 2.IB). 6dupiexAT(XAY)(Y) can be predicted using 
the Altona an co-workers method (4). 3'-AA-A/A-T(XAY)(Y) is the correction factor 
indicating the change in chemical shifts after replacing the A .A mismatch with an 
A-T base pair (Table 3.6). 
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3.6 Chemical Shift Prediction Using Triplet Values and 
Corrections Factor Extracted from the Bottom 
Strands of refA A(XAY) and refA T(XAY) 
The A.A mismatch triplet chemical shift values and correction factors 
extracted from the bottoms strands of reference sequences can also be used to predict 
the chemical shift of mismatched A, X and Y with equations 3.8 - 3.10: 
5pred (A ) = 3refAA(Y，AX’)(A) [3 .8] 
3pred(X) = 5duplexTA(XTY)(X) + 5 '-AA-A/T-A(XAY)(X) [3 .9] 
5pred (Y) = 5duplexTA(XTY)(Y) + 3 ' - A AA / T A ( X A Y ) ( Y ) [ 3 . 10] 
where 5dupiexT A(XTY)(X) and 5dupiexT.A(xTY)(Y) are the chemical shifts of X and Y in the 
normal B-DNA duplex!•A(XTY) (Figure 2.3B). These chemical shifts can be 
predicted by Altona and co-workers method (4). The correction factors 5'-
AAA/TA(XAY)(X) (Table 3.7) and 3'-AAA/TA(XAY)(Y) (Table 3.8) extracted from 
refA-A(Y'AX' ) and refA-T(Y'AX') represent the change in chemical shifts of X and 
Y after replacing the A.A mismatch with a T.A base pair. 
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Chapter Four: Testing of the Proton Chemical Shift 
Prediction of A-A Mismatches in B-DNA 
4.1 Prediction Result Using Triplet Values and Correction 
Factors Extracted from the Top Strands of 
refA A(XAY) and refA-T(XAY) 
A total o f 192 and 432 experimental proton chemical shift data has been 
extracted from the mismatched A and its flanking nucleotides, respectively in eight 
B - D N A testing samples (Table 2.1). Using the triplet values in Table 3.3 and 
equation 3.5，a total o f 192 predicted chemical shifts have been obtained and the 
root-mean-square deviation (RMSD) value was found to be 0.06 ppm with a 
correlation coefficient o f 0.9998. For predicting the chemical shift o f X, which is 
located at the 5'-side of A.A mismatch, using equation 3.6, the RMSD value when 
compared with 216 experimental data was found to be 0.08 ppm with a correlation 
coefficient of 0.9997. Similarly, for predicting the chemical shift of Y，which is 
located at the 3'-side o f A-A mismatch, using equation 3.7, the RMSD value when 
compared with 216 experimental data was found to be 0.08 ppm with a correlation 
coefficient of 0.9997. Figure 4.1 shows the plot of a total o f 624 sets of predicted 
and experimental data for both the mismatched A and its flanking nucleotides in the 
testing sequences. The prediction accuracy and correlation coefficient were found to 
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Figure 4.1 A plot of the experimental chemical shift versus predicted chemical shift using 
the A.A mismatch triplet chemical shift values and the correction factors 
extracted from the top strands of refA.A(XAY) and refA-T(XAY). 
4.2 Prediction Result Using Triplet Values and Correction 
Factors Extracted from the Bottom Strands of 
refA A(XAY) and refA T(XAY) 
The triplet values and correction factors extracted from the bottom strands of 
the reference samples have also been used to predict the proton chemical shifts of 
mismatched A and its flanking nucleotides using equations 3.8-3.10 and Tables 3.4， 
3.7 and 3.8. No significant difference was observed between results predicted using 
the chemical shifts extracted from the top and bottom strands (Table 4.1). The 
overall RMSD values using the values extracted from the top and bottom strands are 
similar with excellent correlation coefficient, indicating that both data sets can be 
used reliably in the prediction method. 
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Table 4.1 Comparison of prediction accuracy using values extracted from the top and 
bottom strands of refA-A(XAY) and refAT(XAY). 
Prediction accuracy 
Value extracted No. of test data (correlation coefficient), ppm^ 
From top strand From bottom strand 
Triplet XAY m 0.06 (0.9998) 0.08 (0.9998) 
5'-Correction factor 216 0.08 (0.9997) 0.07 (0.9998) 
3'-Correction factor 216 0.08 (0.9997) 0.08 (0.9997) 
Overall ^ 0.07 (0.9997) 0.07 (0.9997) 
a Prediction accuracy was determined from RMSD between the predicted and experimental values. 
4.3 Applicability of the Base Pair Replacement Approach 
4.3.1 Chemical Shifts and ^Jhi'hz' of refT A(XTY) Sequences 
Another set of reference samples, refT-A(XTY) was prepared for verifying 
the base pair replacement approach in the proposed prediction method. The 
resonance assignments, ^H/^^P chemical shifts and ^JHrH2' of refT-A(XTY) were 
summarized in Appendices IX-XII. 
4.3.2 Correction factors Extracted from the Top Strands of 
refA A(XAY) and refT A(XTY) 
Tables 4.2 and 4.3 show the 5'- and 3'-correction factors obtained from the 
top strands X and Y chemical shifts of refA-A(XAY) and refT-A(XTY), respectively 
using equations 4.1 and 4.2. These correction factors represent the changes in 
chemical shifts after replacing the A.A mismatch with a T-A base pair. 
5,-AA.A/T A (XAY) (X ) = 6refA-A(XAY)(X) - 6refT A(XTY)(X) [4.1 ] 
3'-AA-A/T A(XAY)(Y) = 6refA A(XAY)(Y) - 5refT A(XTY)(Y) [4.2] 
where 6RENR A(XTY)(X) and SREFR A(XTY)(Y) are the chemical shifts o f X and Y in 
refT-A(XTY), respectively. 
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Table 4.2 5'-A-A correction factors of various protons extracted from the top strands of 
refA.A(XAY) and refT-A(XAY). 
5’-AA.jvr.A(XAY>(X)，ppm 
X»A Y ---
triplet H6/H8 HI ' H2' H2" H3' A-H2 C-H5 T-H7 
T-NH NH41 NH42 
AAA -0.217 -0.483 -0.180 -0.322 -0.072 -0.194 - - - -
AAC -0.171 -0.572 -0.130 -0.272 -0.007 -0.274 -
AAG -0.221 -0.450 -0.180 -0.327 -0.069 -0.204 -
AAT -0.203 -0.440 -0.111 -0.121 -0.015 -0.275 - - - - -
CAA -0.090 -0.110 -0.183 -0.358 -0.052 - 0.099 - - -0.110 -0.033 
CAC -0.156 -0.448 -0.460 -0.460 0.038 - 0.070 - - 0.034 -0.041 
CAG -0.082 -0.111 -0.107 -0.317 -0.085 - 0.085 - - -0.131 -0.070 
CAT -0.169 -0.384 -0.395 -0.355 -0.023 - 0.050 - - 0.012 -0.048 
GAA -0.086 -0.686 -0.185 -0.370 -0.045 - - - -0.061 - -
GAC -0.031 -0.795 -0.096 -0.306 0.019 - - - -0.110 - -
GAG -0.097 -0.641 -0.197 -0.332 -0.047 - - - -0.079 - -
GAT -0.095 -0.657 -0.138 -0.173 -0.010 - - -0.155 - -
TAA -0.113 -0.203 -0.293 -0.440 -0.112 - - 0.112 -0.483 - -
TAC -0.171 -0.503 -0.467 -0.516 -0.068 - - 0.067 -0.528 - -
TAG -0.118 -0.168 -0.205 -0.385 -0.118 - - 0.102 -0.438 - -
TAT -0.196 -0.376 -0.417 -0.326 -0.077 - - 0.073 -0.557 - -
Table 4.3 3'-A-A correction factors of various protons extracted from the top strands of 
refA-A(XAY) and refT A(XAY). 
3'-AA A/r A(XAY)(Y), ppm 
XAY •— ._••-
triplet H6/H8 HI , H2' H2" H3' A-H2 C-H5 T-H7 ^ ^ 
AAA -0.130 -0.118 -0.134 -0.118 -0.039 0.190 -
AAC -0.268 -0.140 -0.352 -0.172 -0.103 - -0.487 - - -0.355 -0.341 
AAG -0.102 -0.084 -0.133 -0.078 -0.030 - - - -0.033 - -
AAT -0.241 -0.075 -0.256 -0.137 -0.079 - - -0.420 -0.257 - -
CAA -0.064 -0.167 -0.012 -0.066 -0.034 0.044 -
CAC -0.253 -0.141 -0.372 -0.146 -0.103 - -0.349 - - -0.284 -0.340 
CAG -0.003 -0.165 -0.012 -0.036 -0.028 - - - -0.266 - . 
CAT -0.166 -0.144 -0.166 -0.092 -0.079 - - -0.199 -0.603 - -
GAA -0.193 -0.110 -0.206 -0.138 -0.032 0.135 -
GAC -0.291 -0.114 -0.397 -0.184 -0.090 - -0.450 - - -0.287 -0.366 
GAG -0.200 -0.082 -0.236 -0.118 -0.035 - - - -0.079 - . 
GAT -0.268 -0.094 -0.291 -0.175 -0.076 - - -0.360 -0.475 - -
TAA -0.110 -0.144 -0.065 -0.093 -0.051 0.092 -
TAC -0.256 -0.123 -0.357 -0.149 -0.108 - -0.380 - - -0.262 -0.286 
TAG -0.039 -0.140 -0.045 -0.042 -0.035 - - - -0.166 - -
TAT -0.182 -0.106 -0.170 -0.102 -0.073 - - -0.284 -0.439 - -
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4.3.3 Prediction Results Using Correction Factors Extracted from 
the Top Strands of refA-A(XAY) and refT A(XTY) 
Proton chemical shifts of X and Y in B-DNA duplexes containing an A A 
mismatch can be also predicted using the new set of correction factors (Table 4.2 and 
4.3) and equations 3.9 and 3.10. Together with the predicted chemical shifts of 
mismatched A using the A.A mismatch triplet chemical shift values extracted from 
the top strand of refA.A(XAY)，an excellent correlation plot (r=0.9999) between the 
prediction results from refT-A(XTY) set and refA-T(XAY) set has been obtained 
(Figure 4.2). The prediction accuracy of these two reference sets on various types o f 
protons has also been found to be very similar (Table 4.4). Therefore, the base pair 
replacement approach was found to be applicable in this established prediction 
method. 




I B.00 ^ ^ 
气 4.00 
” 2 0 0 ^ ^ 
0.00 1 1 1 1 1 1 1 
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 
Spred from refA T(XAY) set, ppm 
Figure 4.2 Plot of predicted proton chemical shifts of A.A mismatch and its flanking 
residues using the correction factors extracted from refAT(XAY) set versus 
those using correction factors extracted from refT-A(XTY) set. 
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Table 4.4 Comparison of prediction accuracy using values extracted from different sets of 
reference sequences. 
Prediction accuracy 
Value extracted No. of test data (correlation coefficient), ppm^ 
From refA-T(XAY) set ‘‘ From refT-A(XTY) set ‘‘ 
H6/H8 96 0.07 (0.9938) 0.06 (0.9956) 
HI ' 96 0.08 (0.9564) 0.06 (0.9784) 
H2' 96 0.08 (0.9827) 0.08 (0.9821) 
H2" 96 0.05 (0.9777) 0.04 (0.9857) 
H3' 96 0.03 (0.9720) 0.03 (0.9591) 
A-H2 48 0.08 (0.9763) 0.09 (0.9714) 
C-H5 16 0.08 (0.9395) 0.05 (0.9598) 
T-H7 16 0.06 (0.9500) 0.06 (0.9425) 
G-NH/T-NH 32 0.09 (0.9756) 0.12(0.9692) 
C-NH41/C-NH42 32 0.12(0.9930) 0.12(0.9930) 
Overall 624 0.07 (0.9997) 0.07 (0.9997) 
a Prediction accuracy was determined from RMSD between the predicted and experimental values. 
b Predictions were made using triplet values extracted from the top strands of refA.A(XAY) and 
correction factors extracted from the top strands of refA-A(XAY) and refA-T(XAY) or 
refT-A(XTY). 
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Chapter Five: Conclusion 
In this study, the nearest neighbor model and the base pair replacement 
approach have been found to be applicable to establish a chemical shift prediction 
method for A.A mismatches in B-DNA has been developed. A.A mismatch triplet 
chemical shift values have been extracted and the 5'- and 3'-correction factors have 
been determined after replacing the A.T base pair in reference samples with an A.A 
mismatch. The proton chemical shifts of the mismatched A and its flanking 
nucleotides have been predicted. The prediction accuracy of all protons (labile and 
non-labile protons) is 0.07 ppm with a correlation coefficient of 0.9997. 
The applicability of the base pair replacement approach to determine the 5'-
and 3'-correction factors have also been verified. This prediction method developed 
in this study can also be extended for predicting chemical shifts of other types of 
mismatches in B-DNA duplexes. 
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Appendix I: NOE Sequential Assignment of refA T(XAY) 
-(A) Aromatic Protons at 25 (B) Labile 
Protons at 25 
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(to be continued) 
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(continued) 
5. refA-T(CAA) 6. refA.T(CAC) 
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A-H2/H6/H8 
<B> T«T1, 0°|"06 , , A, (B) , L ^ 
ppm I j i i ；! ppm 丄 
空 5 - _ , LO 5 - " c s l ""； ' !•/"""!" f ' 
+ C14 I ^ ！ ！ f 
。 JBJYIIMMINATIIIIII III,.__• • • • I ^ «: =3 _ i e- [ H ^ — i 6- ？。•！; * ‘‘ iJ 
g ,• .r ••‘ i i , -at. J " 輕墨]睡^^ 
1 4 _ 8 . 5 8 . 0 7 . 5 7 . 0 p p m 1 4 p p m 8 . 5 8 . 0 7 . 5 7 . 0 p p m 
N H C - N H 4 1 A . H 2 C - N t f « 2 N H C - N H 4 1 A - H 2 C - N H 4 2 
7. refAT(CAG) 8. refAT(CAT) 
S'-CGCAGQG 5'-cgcatgG 
( A ) 番 . . . ( A ) = 
ppm 般 ， 身 T p p m ) 書 H : ! 、 ” ？ . 
5.0- K i ' 5.0- r, r ^ f c i o • . 
‘15 C11 M 如 9 i 
A9 A11 ‘ ‘ 
6.5 H~‘~I~‘~i~‘~I~‘~I‘I~•~I~‘~1'~I 6 .5I~ ‘1 ~~‘1 ”‘~I~‘~I~•~I‘~I~‘~I~• 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm A-H2/H6/H8 A-H2/H6/H8 
(B) A4 <B) , All A4 
ppm ppm J j i l i L ^ j k L J ^ u • 
. . . . — .ji： _“• 空 5- … ^ ― r- r 丨‘ I • 
5 ： y , , ^ 5 Cf^- - - 丨 , 
i 6: i 6-
里 輕 匪 
N鼎m ’斗ppm 8.5。〃“含、。r.^  7.。。闪郝m 
(to be continued) 
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(continued) 
9. refA-T(GAA) 10. refAT(GAC) 
'« 3 < 5 » i 1 2 3 < 5 B i 
S'-CGGAAQG 5'-CGGACGG . 
( A ) MH2 T« 3 - G C C T T C a ( A ) A8H2 3 ' - G C C T G C 
PP. r f e i M l g y 7 ppm A . 逊 _ t t “ 
1 ii H 「丨*<、,~"—J f—|j|—"ip- ‘ V ' ~ H'-i 
5•。- . IT、： • 5.。-.々；、 • 。 : 
G2 G2 
X 5 . 5 - ^-J^ OB S5.5- n , ' C5 
o ^ cioy~~^ ~ 6 ^ 1_G3 „C14 r + 
主 」 j g g c i : 1 i 
6.0- A4 6.0- i l l__citP ‘ 
• L ‘ I A4 k I 
. . 7 “ “ 
~ I ~ ‘ — — I ~ ‘ ~ I “ ‘ I ‘ ~ I ~ ‘ ~ I ‘ ~ I ~ ‘ ~ I ~ ‘ ~ I ~ ‘ ~ I ~ ‘ ~ I ~ ‘ ~ I ~ ~ ‘ I ~ • ~ I ~ ‘ ~ 
8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.2 8.0 7.8 7.6 7.4 7.2 ppm 
A-H2/H6/H8 A-H2/H_ 
(B) 01 旧、 01193 “ 
a 5 - ^ X ？ ！ f-i— g . 
ID _ _ i j ， — ^ [ i , ：丨 " ^：一 ^； 
14 p p m 8.5 8.0 7.5 7.0 p p m PPm 8.5 8.0 7.5 7.0 p p m 
NH C-NH41 A.H2 C-NH42 NH C-NH41 A-H2 C-NH42 
11 • refA T(GAG) 12. refA.T(GAT) 
1 2 3 4 5 e ' 
5'-CGGAGgG . ' ' 3 < s s i ,A、 A.H2 3-.GCCTCc/° 二-^^TGG 
(A) asm CI 151413 1211,0? /A\ G1S Q3 3'- G C C T A C A 
I . A4H2 C13 C14 (A) aqH7®a1A4H2 A11H2 “ 13 12 ” to? 
叩 i ^ ^ ^ f U - J j ^ . A A pp. T J L l k & i ^ - 7 ？ 
. • • • , 「 ~^ • im 1 “ I 
5.0- • 5.0- r • * , 广 • 
02 G2 
X5.5- fi«,<MO 坊 ？® H inss- M 
A p “ 1 I。.® C14 
fA» J ：— 
^ “ ‘ ~ ^^~ ‘~~ ‘~ ‘ ‘ “ I ‘ I ~ ‘ ~1~ ‘~ I CZ \ , - . • ‘. • . . . , 
8.2 8.0 7.8 7.6 7.4 7.2 ppm ‘ ’ ‘ ^'n 7'r 7_o ' 
(日） � A -H2/H纖 ” 8 . 2 8.0 7.2 7.0 ppm 
ppm T - IT l • . • ikli UA . (B) 丨 i t f i 
: ... ‘ ； • \ ：~ I, „ ppm ,,, U/lUL a Li MLaAa j^L^A > • 
実 5- “ ‘‘ u, <；」>••. —T] '•“ f~ 二 
請 气 . L 」 ， 推 : ^ T T 
i a i f f l 陽膽 
14 i.uPPm ^8.5 8.0 7.5 7.0 ppm 9 .„„ [-•••• . • • 
NH C-NH41 A .H2 C - M 14 p p m 8.5 8 .0 7 .5 7 
NH C-NH41 A - H 2 C - N K t e 
(to be continued) 
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(continued) 
13. refA-T(TAA) 14. refA.T(TAC) 
1 2 3 4 B e ' ' ' 3 < S • ft 
5,-CGTAAgG 5'-CGTACGG 
(A) A9 3 . - G C A T T C a A ⑷ A8H2 3 ' - G C A T G C A 
A4H2 “ ” “ ( , A9H21 G20,1 s “ ’ “ ” 1。, 
, ‘ ‘ • "‘^T^i rn . .• rr"~ “ 
5.0- H o t ! 5.0- , ^ C10 • 
• 37 
• . 、 • 
in ‘ ^ • f., 
1 5 . 5 - , C10 r i S? ^ 5.5- C5 
^ r ^ m i " I 望： 
6.0- a4 A8 ^ — — ~ [ — i 6.0- i , 
」 ^ ： I l l l ^ A 1 3 . 1 
A13 t4 , 44' I ^ _l I 
T m •： I a9 
~ I ~ ‘ ~ I ~ ‘ ~ 1 ‘ ~ I , " " " I ~ ‘ ~ I ~ ‘ ~ I 1 “ ‘ “ “ I ~ ‘ I ~ ‘ “ ― I ‘ I ‘ ~ I ‘ ~ ~ I ~ ‘ ~ I ~ ‘ “ ― 
8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 
A-H2/H6/H8 A-H2AH6/H8 
( V 叫 广 一 錢 I 丄 . 
« 5」 «5 ^ f r ^ » 二 ‘ 
C14 + ‘ ‘ • ，- T， 
” fe-H^j......I . ； . 
^ 卜 JL」”;._.. 
！ ^  1 ^  丨丨.丨 
9 I I I • • • . I • • •~r-~. . I . . • • I~ 9 _ I • ‘ • • • • ‘ • • • ‘ ~..1.1 
14 ppm 8.5 8.0 7.5 7 0 ppm PP"" 8.5 8.0 7.5 7.0 ppm 
NH^Pm C-NH41 二 ? N H C-NH41 A-H2 C-NH42 
15. refAT(TAG) 16. refA.T(TAT) 
1 2 3 4 5 e , 9 . . . A 7 
5 . - C G T A G G G 5 ' - C G T A T G ^ . 
3 ' - G C A T C C A 3 - G C A T A C / 
(A) AM 02 ^ ' A«H2\G7 A11H2 
ppmi r A T 敏 i h r p p m ^ i M b ^ ^ 
5.0- ' M q , , 5.0- ” r ^ C10 . , 
G7 
^ • «r 
10 G5 10 • • 
I n ^ r r “ 
；- lyT 1 C^ i Zt ^ ，— . cij— T3, r 
I P2 % Z • ~ i s 
6.0- = 6.0- AO . 
,A4 his C11 A13 G15 I ^ * A4 * 丨  * A13 / ^ • ： 
r—I 1 I 汽11 I I I . 1 • I I 1 , 1 , 
8.4 8.2 8.0 7.2 ppm 8.4 8.2 8.0 7.2 ppm 
( : t i A i； . , (B二 
• I • I I a iBfCEaB^sBSBssaaaBSSi f ••‘ ~ …j ^'•i^tmest^saaK^mnmt 
¥ 5” CI；"' £ • . 
5 6- .p . ~ S 6- . T ^ 
i ： •• - i • I • 
〕 ： ; 逢 i： 
6 ^ 6 。 
14 ppm 8.5 8.0 7.5 7.0 ppm 14 ppm 8.5 8.0 7.5 7.0 ppm 
NH C-NH41 A-H2 C-NH42 NH C-NH41 A-H2 C-NH42 
39 
Appendix II: NOE Sequential Assignment of refA T(XAY) 
一 (A) Aromatic Protons at 25。C; (B) Labile 
Protons at 5 "C. 
1. refA-A(AAA) 2. refA-A(AAC) 
1 2 3 4 5 6 人 1 2 3 4 5 6 ^ 
5 ' -CG A A A G ® 5 . -CGA A C Q G 
(A) 仙 仙 3 . - G C T A T C / (A) A 1 2 / A 1 2 H 2 3 . - G C T A G C / A3/A4/A8/A9 IS 14 13 ig n io7 \A4H2^  mh2 IS 14 I3 12 11 107 
p p m , & 释 T 〒 . f e f . 
i f . ‘ “ ‘ » • . 5.0- . , Lg / fcio . • 
5.0- • h 。 ” . . G2 
s i — ~ 1 5 . 5 - 卯‘ 
^5.5- G6 si 丨.1, c ” i f f r c 5 
2 : A3 S h [ S r j r 
广 I ^ 安 ^ 6 . 0 - ^ ； 1丁 13 
6.0- tl3 . • gTT 、 * 
: 丨 , :人二 
M > , . ~ ‘ I ~ ‘ ~ I ‘ ~ I ‘ ~ ~ I ~ ‘ ~ I ‘ ~ I ~ ~ ‘ I ~ • ~ 
‘ „' • ‘ ~ ‘ “ “ ‘ ~ ~ I ~ ‘ ~ I “ 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 
8.2 8.0 7.8 7.6 7.4 7.2 ppm A-H2/H6/H8 
A-H2/H6/H8 ⑴， 
ppm J S i i - ^ J o U j J U U - ^ ； . . - ^ ppm . 一 j ^ 、 、 • … 二 
a S- - T T T £ 5 - cgT'l ‘ ‘ ‘ ^ " " 一 ； ^ 
I 6- . l ^ t r ^ ^ ^ ^ f f T i 6- . clop _ 、 ； 卞 . 
i：： '•llMd I：： • llMJ I 
9 ''I I I I I ' ' • • I ' • ' I • I 9 …I I I I ' 
14 ppm 8.5 8.0 7.6 ppm 14 PPm . 8.0 7.5 7.0 ppm 
NH C-NH41 A-H2 C-NK42 NH C-NH41 A-H2 C-NH42 
3_ refA-A(AAG) 4. refA.A(AAT) 
1 2 3 ^ fl 6 i 12 3 4 5 6；^  
5 ' -CQA AGG^ .. ... A12H2 5 ' -CGA ATqG . 
(A) « 。 , • 冗 ⑶ A (A) _ 《 徽 
P P . 个 A j f e ^ — ^ r q ， , ppm 着 A ” 觀 r r . 
, 5.。-如. . ； , . 
_ ； —s . . ^r 0A '"' , 
A12 ‘ 
. I • :. I , I , I , I • , 丨 ' I ' ' ' I' I ' I ' I I ' l l 
8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.2 8.0 7.8 7.6 7 4 7.2 7.0 ppm 
如 A-H2/H6/H8 A-H2/H6/H8 
(B二 : p i h l L 
tn 5- - •_ t'JL.. .. 一 ffi 5-] • • t • - 一frt 丄 11。, i! 'inmvmtm i ji 
5 . 〒f” 、••： ^ ,丨 <=11__. : ,.• 
I 6- , . Tfv ！ ‘ 64 I C'or-r-;^—-'•f—hr -J “ 
I： l H ！ : 
9 1 I I I ... _ I • • • • … I •…丨 9 1-, 1 j L I • ~ „ _ I • •.. 
14 ppm 8.5 8.0 7,5 7.0 ppm 14 ppm 8.5 8.0 7.5 7.0 ppm 
NH C-NH41 A-H2 C-NH42 NH C-NH41 A-H2 C-Umz 
(to be continued) 
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(continued) 
5. refA-A(CAA) 6. refA-A(CAC) 
'2 3 < 5 • i 1 2 3 4 6 8' 
s ' - c g c a a q G 5 - c g c a c g G , 
(A) 3 ' - G C G A T C A " . . . 3 ' - G C G A G c / 
lAJ “ ‘‘ ” “ '0 7 (A) A12M MH2 is « ,3 ,2,,,of 
p p m 貪 售 p p 寧 f e f T . 
5,0- 5.0- •； I _ J__C10 
-G7 
^ r Ailll 妒 ^ ^ ^ j ^ ,1 CJ C14 
= . • I h ^ “ "r 
6.0- ： . T11 6.0- t r - ^ ^ 
015 G15 I J^  
t ^ ' A4 A9 
6.5 ~ I ~ ‘ I ~ • ~I~‘~I~•~I~•~I"^ 6.5-1~•I•I~‘~1~•~i~‘~I i~•~r— 
8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 
A - H 2 / H _ A-H2/H6/H8 
(B) ?<m G11 
！p 5- •‘ • • . irf 路 11 lip I ••••! • • • ass … . 广 ： 、 • • 
i：： i i ^ H i： —fed. 
9 … . . . . I I I I , , • T . . . . I .. ^ . . . . I I “ „ • 
14 ppm 8.5 8.0 7.5 7.0 ppm " J , ‘ ' _ 。'„ . . ~ 
NH C.NH41 A.H2 C - N 孤 14 ^ ^ p p m 8.0 八品 7 . 0 ^ p m 
7. refA A(CAG) 8. refA.A(CAT) 
1 2 3 4 ft e ' 1 2 3 4 5 6 1 
5 ' - C G C A G G ° 5 ' - C G C A T G ° 
GSA4H2 3'- G C G A C C A . . . 0WMH2 3'- G C G A A C a 
(A) ° ” “ ” (A) A11A.H2/ 015 G" ” ” “ “ « <'7 
A4\tf8H2°/« lC,1'C1。 A12\A8|/A9/A12H2/A11H2 
ppm. A 叙 o e PP. ^ M f f e o K I 
»*'.*• . r r — ' k - * . 
en- M , * C10 5-。 MG7 5.0- . • • • • MG7 
S5.5-丄•:. O ^ i ^ f ^ ~ 军 55 • • 
6 ^ " H r , 1 — I • C14 55.5- ^ T5 
I : iL:f,: ||。'iM 丄 i 
6.0- C11 C3 A12A$M 613 06 
• G15 ,1., 6.0- JG15 
• w Ja 
6.5-1 1 S 1 1 1 1— 1 I I ‘ I ‘ I I ‘ I ‘—I— 8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.2 8.0 7.8 7.6 7.4 7.2 ppm A-H2/H6/H8 A-H2/H6/H8 
ai oil 02 06 
• ； .•， •••••• .A 办 »1 
空 5- ••• I III Iif IlinIIMgtagMBOteaaaHCBaS ffi 5- . — H • —— 丨•丨丨 mn 
3 . • . - . . 6 . , cMTcj ,. , f . ‘ r -
i «： P j ^ [I I 6- pF.；"' . . . I . . 
^ ‘ . , ci I I ” f . . 厂 
i： I： 
6 ‘ 6 
9 +一 „ „厂 " " ™ ) 丁，-「…厂 9 1-1 1 1 “~r-~' ' I ' ' • • I ' ‘ I …• I I 
14 ppm 8.5 8.0 7.5 7.0 ppm 14 Ppm 7,5 7.0 ppm NH C-NH41 A-H2 C-NH42 NH C-NH41 A-H2 C-NHi2 
(to be continued) 
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(continued) 
9. refA-A(GAA) 10. refA-A(GAC) 
/ A \ A«H2 3 - G C C A T C ^ / a v 3 ' - G C C A G C A 
(A) A f 0. '…'…• （A) 二二个 
ppm J L l l l i i h i ey T ppm Y l j i L j I ^ i ^ - ^ " 
5.。— • • IT:丨• . |j f f v r “ 
？ r — — — — > CI,飞•_ 
I ； _ . ^ ,, CI X_.C13 X , ^y I' <G6 
AI^ ^ as' f CI? 
6.0- A8 A5 • 6.0- ,1 
: G15' A4 01S 
< 1 _ I I “ . ‘ . . . , _ • . < 
A12 AS . A1： 
I I I ~ ‘ ~ I 1 ~ ‘ ~ I ~ , ~ I ~ I ’ I ‘ 1 ‘ I ‘ I ‘ I ‘ I ‘ 
8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 
A-H2/H6/H8 A-H2/H6/H8 
(B) 0 2 ^ 讲 （B) onM 
ppm ^ X L L axAmMjU^  A.^ • ppm T Ka ^.jjim A . 
£ 5 H • • » _ .•丨一 —.L • m\ •••• g 5 - 1 • - ‘ C5jgo- i »*» 。 • I•••••• 
3 ： . • C 4 . 6 '• CM p"|：.厂广—;—T 1 : i • i I :: • ‘ , 
1 J r 画 : . L 
腫 8: ； 丄‘“~ I I • ； [ i ^ 
9 ' • ! 1 1 I ~ ' ' • I • ' • ' I ' • • • I • I • _ _ • I 丨 9 I I . . . . ™ ^ I • ' • • I ' • • • 1 • ' • • I • • • ~ I • . _ • I 
14 NHPPm ® 14 NH 叩…C.5H=41 " "A-HJ"® 
11. refA-A(GAG) 12. refA-A(GAT) 
S-chG^hh^, S'-icGATGC 
,A、 A4H2 (A) A ， 《 a ， 《 3'-GCCAAC/' 
5.0- _ . • H 广 。 , . 
G3 a in f , , i 
妥55- . ^ CIO G5* X 广 - ： 
e.o- . 1 ^ ——卞 e.o- : : t r i - r 
_ , _ . : I , 
, ’ A 9 卜 1. , I , I I I • I , I I ' l l 
8:4 8:2 8:0 7:8 7:6 7:4 7:2 ppm 8.2 8.0 7.8 7.6 7_4 7.2 7.0 ppm 
A-H2/H6/H8 A-H2/H6/HB 
(B二 J I L … . — p p m j J l L 
. ” • ^ • ^ ’ ― • . ‘ § 5— . . "c " r」％T~r-
2 : .. . " r F ^ ^ ^ ^ ^ n s 6- Idor^ : H r 
§ 6- cloP* I ® 。1°- . . . 
i i 1 . •• . g . .. 
I ' i : 色 : 〒 • i i ^ : ” r 二 三 — 」 
^ 9 J ^ . . — … 丁 9 111…….Ili—, I I I . ,•丨 
14 N H P P m 乳 游 m 14 « ° A - H ¥ ： 游 m 
(to be continued) 
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(continued) 
13. refA-A(TAA) 14. refA-A(TAC) 
i 2 i 4 6 6 Z. 123456^ 
5'-CGTAAGG . S.-CGTACGG 
A.H2 3'-GCAATCa'^ (A) Afit«G2M9 3-GCAAGCA 
PP、T 愈 PPm i f f e , 
5.0- i 5.0- •； , ' C10 • 
(57 G7 
: , • ^ ' p " f 
r v . 鄰 1 。 f p — r — ^ 
6 . 0 - 6 . 0 - ^ ^ ^ 0 ^ 0 1 5 . • 7 
aU fe r. A入• — ‘ _.j i 
a . A4 A9 _ , 
, 1 1 1 1 1 1 1~‘~I‘~I~‘(~‘~I~“I~‘~I"""""‘~1 ~ 
8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm A-H2/H6/H8 A-H2/H6/H8 
(B) Q2AS11 
(B) T13 06 ^ ' I I 
ppm M X 一 ^ . 叩m^gyfe^^ — ^ 
穴 ， C14f f O C1 ~ ^ • 
•'• - • • , C1D - . •• . • 
i " • o . . 
r .1 卜 j i K " ， - r ' 
6 6 . 
9 1.1 1 1 ' I • • ' • I ' ' ' ' I • • • • I • • • • I ' 9 '-I , 1 I • • - - • • , - • • - H 
”NHPPm 8.Vn„84_I。A:者2 ？。。.,^- 14 MH"""' A-Ii! 
15. refA-A(TAG) 16. refA-A(TAT) 
1 2 3 4 6 ® 又 1 2 5 4 5 8 ； ^ 
C G T A G G G 5 - C G T A T G G 
/A\ AS 3_-GCAACCA /A\ 3'-GCA AACA 
\A9H2 15 u 13 12 I I 10 fl A11 /A1S 0 7 A12H2 15 14 13 12 n ,0 , 
5.0- ； • , . p rnc" • • 
丨“" 5.0- • • • 
• if : —。7 
in G5 • m • 
V'' M； .jfe^ ’叫 ^s.5- cu ^ 
5 t ^ — — • t l X A l ^ : :_C1 二 J T3 
6.0- 6.0- ]AI3 二 |(il5 ., ： 1 
A 3 ' • ,, , M A9 
• I • T 1 , 1. , I , I . I I I I .. I I • I • I I ' I ' I 
8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.2 8.0 7.8 7.6 7.4 7.2 ppm 
A-H2/H6/H8 A-H2/H6/H8 
(B) ,, A13 (B) y o. I 
ppm -^ Juafu-AJU^^ A^^  ppm JtX^Ol- --^fU-^—丄」-
»£> 5- m, • • I • ...^ ilJUk-*^ jlJ似w L^^ i Ip 5- I I' I I • I • 务, I III! I I 
考 • q ：„ > S c^V •— r 
9 1., I I I 」 . • • I I • _ • • ! • • _ • I • ' _ •，I 9 - ,1，"相’"T’市 
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Appendix III: Hr-H2，/H2，，Region of DQF-COSY Spectra 
of refA T(XAY) at 25。C 
1. refAT(AAA) 2. refA-T(AAC) 
ppm t > 3 4 • •；; ppm C5 1 » 3 < 8 . ' g 5-cqaaaqQ , ‘ k 5-cgaacqQ ^ I t 3'.QCT TTc/ 3_.GCTTGCaA 
A l» H IJ It 11 10? 1 5 一 H 14 15 12 11 10 , 
2 . 0 - T13 A8 • • CI 
L - f i P .. J r f i ^ r ^ V 
3 . 0 - I “ 3 .0 - J i 
1 1 1 '—I 1 1 1 1 j 1 ‘ I 1 1 1 1 
6.4 6.2 6.0 5.6 5.6 5.4 5.2 p p m 6.4 6.2 6.0 5.8 5.6 5.4 5.2 p p m 
H1. HV 
3_ refAT(AAG) 4. refAT(AAT) 
p p m J 1 I • 4 t t j L I p p m I ” T5 1 I 3 4 s • 1 
益 S'.CGAAQQO-, U S'.cgaatqQ., 
Clf 3、GCTTCC/ 3'-GCT TAC^  
H tt 14 » 11 n 10 , . _ '» «« «J '2 “ >0 攀 ^^  "J 05 
2 .0 - T13 ttci4 4 CI 
a V i 
015® i 丨塞 .2.0- 8 tC14 
3.0-1 考 “ 3 . o j f f ： [ 产 ; ： 
I ‘ I 1 1 1 1 1 1 ^ I ‘ ~ 1 ‘ ~ I ‘ I ‘ I ‘ ~ I ‘ I ‘ I ‘ ~ 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 p p m 6.4 6.2 6.0 5.8 5.6 5.4 5.2 p p m 
HV HV 
5. refA T(CAA) 6. refA-T(CAC) 
p p m t > » 4 B • ' p p m __ . . . T ？ ; A . a S'-iGcicGG C14 '-SS^U^A 3-GCGTGC/' 
Bci “ • J 1.5- ' ' ' ‘ "， ' ’ "。， 
2.0- Tist 甲 ^sr 
Til AS I IT cib' J! g , 
g H I i J l M CO 助 ' 
h - ,, i s 1 ,. i If U II } ？ 
3.。- J r, 3 . 0 - J 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 p p m 6.4 6.2 6.0 5.8 5.6 5.4 5.2 p p m 
H I . HV 
7. refAT(CAG) 8. refAT(CAT) 
ppm j Z s-ioiiGGO, I ppm I - ““‘“民 
C14 3.-GCGTCC广 T Ir-GCGTAC/ 
m ,2 ,_,()• 1 5 <ft u IS It II to? 
^ i M I ^ .2:。- A i 
: . ！ 权 1 ^ 2.5- f j f i y 
3.0 f j 3.0- I a j 
1 1 1 1 1 1 ^ 1 1 ] 1 1 1 1 1 ？ 1 
6.4 6.2 6.0 5,8 5.6 5.4 5.2 p p m 6.4 6.2 6.0 5.8 5.6 5.4 5.2 p p m 
H1_ HV (to be continued) 
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(continued) 
9. refA A(GAA) 10. refA A(GAC) 
ppm « ..'ckhkXkol ppm -；TTTT^ 
让 II 3'.GCCT TC/ • . “ 3.-GCCTGCAA 
1： t ！ & 
卜 【 1 f I I i “ ,2,- i i；^ . Y 
3.0： I : ！ 3.0- P 番 雄 基 ' “ 
,.—I~‘~I~‘~I~‘~I~‘~？~•~I~I 1•~I~‘~r—'~I~•I~•~I~‘~*~‘~I~ 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.6 5.6 5.4 5.2 ppm 
HV H1, 
11. refAT(GAG) 12. refAT(GAT) 
ppm AA t > S 4 I • 1 ppm „ 1 } 9 < I • Z 
印 M s'.cqqaqqG . ]} 5、cggatgG 
y-QCCTOC/T 豕’ 3'.GCCTACa 
K « M tj It t1 10? 』- »» 1* 1» 1»11 10 , 
• r 4 1.5-
2 0 - CI, f ( , c, 
塁 2.S- o： O. . 1 i Y J M.I 
笛 i ® V I S着..？丨丨：： 
3.。 I 3.0- f f 
‘ I — I ~ ‘ ― “ I ‘ I ‘ ~ I ~ ‘ ‘ ~ I ~ ~ I ~ ‘ ~ I ~ ‘ ~ I ~ ‘ ~ I ~ ‘ I ‘ ~ I ~ , ~ 1 ~ ‘ ~ I ~ ‘ ~ 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HI. HI. 
13. refAT(TAA) 14. refAT(TAC) 
ppm -^CQ^AAoil ppm : « 
C j U 3-GCATTCa'* “ 3 ' . G C A T G C / 
It 11 1. 11 II II 10 , . , » U 11 .1 I,,。。 
'•。- T“ S f f l ' o si . 1 1 ‘ 
—•—I—‘—I—‘—I—‘—I—•——•—I—‘—I—I i—‘—I ‘ 1 ‘ I—‘—r-^—I—^I—“—I— 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
H r HV 
15. refA.T(TAG) 16. refAT(TAT) 
ppm I ^ TT i r r r i ^ i ppm ,,….； 
M 5' .CQTAQQ« ^ S'-CQTATQQ,. 
• 3_.GCATCCaA ‘ Y 3,-GCATACaA 
2.。- J h s j 0 . -
v f I m • . 2.0- 8 ‘ 
圓 I , 缴 i j 。f , I f i ? { f i 
r i I i ’ 工 2.5- ‘ 1 I 
. J I ； - H 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HI. H r 
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Appendix IV: HI，-H2，/H2” region of DQF-COSY Spectra 
of refA A(XAY) at 25。C 
1. refA-A(AAA) 2. refA-A(AAC) 
ppm Z … … A ~ ppm ^ s ' . i o A i c i Q « OJ IG^^^GC/' 
T 1 1 ¥ 1 6 3 - G C T A T C ^ t . . . 11 „ , . , . 7 
T13 8 U f " " ； 1 . 5 - t 
» » J ； c, i 
^ 0„ S 1 S 2^.0- T f j %。 
： 5； A,2 V ？ 甲 誉 i 
3.°- . i ( " 3.0-〜会’ ！ ® 
_ , _ , 1 I I 1 ~ ~ ‘ ~ I 1 "I~•~1~‘~I I 1 1~“~I~‘~I~ 
6.4 6.2 6.0 5.B 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
H1_ HI. 
3. refA-A(AAG) 4. refA-A(AAT) 
ppm I “ rTTTTTT~I ppm j 2 777777^ 
Sipe 5,-CGAAGGG“ ^ ‘ S'.CQAATO® , 
. 撒 3_-GCTACC广 3_-GCTAACAA 
HT II M 13 ir tl 10? 1 C- ’，M 丨，,M, ,<>• 
T13 丄 I I 20- tci" I |1 
I 1' , 1% f l。 i 。， I - t J P 
I f^ 士 Si i V 丨丨1，1 1 
3 。 f ' h 1 ! ” i 
3。- k 3.0-^ 
~‘~I 1~•~I~‘~I~•~I~•~\ 1~> ~^I 1~•~I~‘~I~^I 1~‘~I~ 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
Ml. HI. 
5. refA-A(CAA) 6. refA-A(CAC) 
ppm j ,, “ S'.ohhkkh l^ ppm j V" 5-CGhiG .^ 
C14t 3'-QCQATc/ 3.-GCGAGC 广 
C^. S u M 19 丨I II toV ” ” “ '0 • 
2.0- T杀 j f l l 。 i 1.5- i 
空 2.5- I D M 、 - I ¥ 
3.。-J 3.0- I i 
~‘~I—‘—I—‘~I ‘ I~‘—I—‘、~‘~r—^ i~‘~I ~‘ I ' I ' I ' I~‘ ‘ I I~ 
6.4 6.2 6.0 5.B 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HV HV 
7. refA.A(CAG) 8. refA-A(CAT) 
ppm I 1 3 ' • • I ppm oe 5-CGCAQ0° 15 S'-CGCATqQ. C14% 3-QCGACC/ II 3-GCGAAc/ (.J c, V ” “ ” “ ” ” • 1 “» » 1111»7 
2.0- ciii f i 
L . )： o^o C 納 I 
L - f 妨丄 i !， I ” r . ？ F 1 
3。- i ； 3 . 0 - 1 > ： 
~**~P 1 I I~‘~I —^  1~ ‘I~‘~I~‘I“‘1 ~‘~I~‘~I~‘~ 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HV HI. 
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(cont inued) 
9. refA A(GAA) 10. refA A(GAC) 
ppm AiillAo ppm ； ,…. ' 
S'-CQQAAQG S - C G G A C G ° . 
:i]S| 3,.0CCATC 广 3,-GCCAGCaA* 
. . . { a “ “ ” ”“ “ t 4 . .1U 
i • T • 群 。 〜 ； 广 J l : r i s 
空 U i S i. 'L 、 - ¥ * “ 
i • i 5 aJ 丨 . I r i 免 
I ' I " I • I • I • I • I ' I J • I ' I • I • I '"•"" 'I L I ' 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HI. HV 
11. refA-A(GAG) 12. refA-A(GAT) 
ppm ] ^ s - C Q ^ i o O ^ I 叩m j ip 5-CQ^ iTQ^ . 
c 说 思 3 ' . G C C A C C / ' 3 _ - G C C A A C a A 
C13 ‘ J T <k U 13 It n 10 V 1 5 II t< I) 121110 , 
2 。 丨 丨 " M ’ 5 
L - I 口 呼 》 I r r . i l l . 、 
3。- j 3.0- ^ 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HV HI. 
13. refA.A(TAA) 14. refA A(TAC) 
I n '»" i> It 11 w, 1 5 • 
2.0- 释 P { f 
} “ i ； 1 I < 卷 J ： 
11 » * “ n BO 
3.0- g 3.0- I 
6 4 6:2 6:0 5：8 5:6 5：4 5:2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HI. H1_ 
15. refA-A(TAG) 16. refA-A(TAT) 
ppm ppm “ 
G6 5'-CGT A Q Q ° , t , S ' -CQTATG®,. 
3 - Q C A A C C . * 3 ' - Q C A A A C . * 
"01C1" JI ,.,‘？.,,’，。, 1.5_ 
2.0- 'IfH 丨 运 C14 丨 ci。 
I.- T I ^ j r . A! I I 1 
\ Vr 1 6 
3.。- I I 3.0- f 1 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
H1_ H1_ 
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Appendix V: H3，region of ^ H-^ P^ HSQC Spectra of 
refA T(XAY) at 25。C 
1. refA T(AAA) 2. refA-T(AAC) 
ppm ] ‘ rTTTTTJ I ppm ] 2? iTTTTTI“ 
幼 G6 S'.CG AAAQQ , - A9 S'-CQAACQ® . “ 3'.GCT TTCA • 3.-GCTTGCaA 
11 I) II 11 I 15 IS tf “ 10 • 
-4.5- 011 T1^ 13 « 
」c . ^ A4 G7 
-^•5- A8 攀 CI 
Til T12 07 • •4.0- . 02 —^ 
"p in? ^ ' "p 争 ^ 
“ CI -3.5- • 
-4.0- g2 ‘ Sii : -3.0-
CIO 
-3.5- « 
~^^^ 丨 丨.…,^ ^^  丨 I -2.5 I I I I I I ....I 
5.1 5.0 4.9 4.8 4.7 4.6 ppm 5.2 5.1 5.0 4.9 4.8 4.7 ppm 
H3- H3' 
3. refAT(AAG) 4. refAT(AAT) 
ppm ] " rTTTTTI1 ppm G0‘ . a • 4 » •' 
- S'.cqaaqgG , - •AO s'.coaatqQ 3-ocTTCc/-
-4.5- ^ -4.5- - f , ^ 
07 A3零 Z2? 
A3 A4 -4.0- « 
"P-4.0- • • 似 ： 。 5 : . 么 ” P T1 恐 4 
• C^ -3.5-
-3.5- -3.0- c^  • 电 
CIO 
-3.0 I 丨 丨 1 I I -2.5 I I I I I 1 1 
5.2 5.1 5.0 4.9 4,8 4.7 4.6 ppm 5.2 5.1 5.0 4.9 4.8 4.7 4.6 ppm 
H3, H3. 
5. refAT(CAA) 6. refAT(CAC) 
ppm ] I ppm ] ^ i 7777777‘ 
.G6 5'.CQCAAQ<3 - •。 S'-CQCACQG ' 
_ ^ ^ ^ G C Q T T C 3 ' . G C G T Q C / ' 
-4.5- ^ ^ 
-4.5- AS M. ^ T12 
Jll 監 ^ _4 0: 013 C3 CI 4 • ^ ” P A4 "P —— 
供 T12 CI -
-4.0- G2 a C14 ^ ^ -3.5- ‘ 
… C10 CIO -3.0 -
-3.5- 命 • !'•• 1 I I I I I I I I™ 丨丨 I 
5.1 5.0 4.9 4.8 4.7 4.6 ppm 5.1 5.0 4.9 4.8 4.7 4.6 ppm 
H3' H3' 
7. refAT(CAG) 8. refAT(CAT) 
这 3'.GCQTCC/' 3'.QCQTAC/ 
一.5- or ^ -4.5-^11 ^ C 
A« G1J ： " « T12 
— 05T12 CI 一 • T5 CI 




一 3,0- -3.0- b I I __丨 I I ^ I ‘ • I 丨 
5.1 5.0 4.9 4.8 4.7 4.6 ppm 5.1 5.0 4.9 4.8 4.7 4.6 ppm 
H3. H3' 
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(cont inued) 
9. refA A(GAA) 10. refA A(GAC) 
• 3-QCCTTCaA - 3..GCCTGC/ 
«"",»”«• IS U I) It II 10^  
J. - AB 
- 4 . 5 - A8 011 义 
Hi ^ . ^ ： C5 
这 A5 T12 等 • . 一 03 • • An- A4 .C13 CI ''p-4 0- • CI vp-^'O i i i i — C13 ^^ (32 
甚 . 巧 
CIO -3.5-
- 3 . 5 - » 
cjo 
- 3.0- 眷 
-3.0 I 丨 I I I I I 1 1 1 1 
5.1 5.0 4.9 4.8 4.7 4.6 ppm 5.1 5.0 4.9 4.8 4.7 4.6 ppm 
H3_ H3' 
11. refAT(GAG) 12. refAT(GAT) 
PP""^  ^ 碑 _| PPmJ s r “ 久 碑 . 
£! S'QCCTCCr • • 3.-GCCTACa 
ti i« la ti M 10 鲁 “ ” ft »» »» » 
一-5- o / c . • X -4.5- A,, S . „ • 
M T12» 03 - C13 •40 -龙 忠 C, _4 0- ‘ • cu - C1 
lip C13 Jip ~ • 
02 • • 02 T12 
品 —C14 ^ 一 
- 3 . 5 - - 3 . 5 -
一3,0- -3.0- ^ ： 4 
I 1 1 I I 】-'-.i I I r••'•..…I I 
5.1 5.0 4.9 4.8 4.7 4.6 ppm 5.1 5.0 4.9 4.8 4.7 4.6 ppm 
H3' H3' 
13. refAT(TAA) 14. refAT(TAC) 
Z"：] ； . ' - c h ^ k k o i l PPmJ • ^ 5.-i … 丨 
-5.0- 社 o 3..GCATTCA 3'-GCATQCA'^  
® II14 IS ir M tov i» 1* n i> II «oV 
. , ； A8 
-4.5- GJI^ • ^ 今 
-4.5- n ？5 
^ a . SL ' O -4.0 A13 . T12— ^ 
，,p • "p 
^ 1 3 TJl T12T3 
… CU命 
• QIO 
CIO . -3.0- ^ 
_3 6 
5.1 5.0 4.9 4.8 4.7 4.6 ppm 5.1 5.0 4.9 4.8 4.7 4.6 ppm 
H3' H3. 
15. refAT(TAG) 16. refA.T(TAT) 
PPmJ “…碑 . 。：「•： “…碼 . 1 
*» 3-GCATCc/ a.-GCATAc/. 
IS u II a II10 , • IS u t> It II ,0 , 




淡 -3.0- 令 
-3.0 1 1 I 丨 1 丨 I I 丨 I I I 
5.1 5.0 4.9 4.8 4.7 4.6 ppm 5.1 5.0 4.9 4.8 4.7 4,6 ppm 
H3' H3. 
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Appendix VI: H3' region of ^ H-^ P^ HSQC Spectra of 
refA A(XAY) at 25。C 
1. refA-A(AAA) 2. refA-A(AAC) 
ppm , , , ^ . , 7 ppm 弦 1 7 s < I ^ 
CO- s'.cqaaaqQ . - s'-cqaacqQ J 
- 5 0 3 . - G C T A T C ^ ^ 3 . - G C T A G C 广 
© 
-4.5- A12 07 
-4.S- - "A, 宏 
A12 07 O O CI 
P O 甚 0 ，'P~4.。- 基 ^ 
A3 CI _ O S l i -4.0- J . ® ^ O O ©C14 C" -3.5-
© ® CO o 
-3 .5 1 I I I I -3 .0 1 1 1 1 1 
5.1 5 .0 4 .9 4.8 4.7 4.6 p p m 5.1 5.0 4.9 4.8 4.7 4.6 p p m 
H3. H3' 
3. refA-A(AAG) 4. refA-A(AAT) 
ppm .11 .11 ' ppm ^ I I )< • i l 
- OS 5 - C Q A A Q q G ^ . g 5 - C G A A T G ° 
^^ • • -4.5- A 备 S GCI I 
'•P-4.0- ~ ^ •'P-4.0- ⑩ 0 
* All ® 
-3 . 5-
- 3 . S - CIO C I O 
• - 3 . 0 - 麵 
-3 .0 I I I I 丨 I I I I I I I 
5.1 5 .0 4 . 9 4 .8 4 .7 4 .6 p p m 5.1 5 .0 4 .9 4 .8 4 . 7 4 .6 p p m 
H3 ' H3' 
5. refA.A(CAA) 6. refA-A(CAC) 
p p m 06 I > 9 4 I p p m 巡 \ 3 3 * % 
‘ 5 - c q c a a q O , _ O S ' - C Q C A C Q G . , 
AO 3'.QCQATCa ^AQ 3,-GCGAGC 广 
o II U II It II 10 V U M 19 U II to t 
. - A8 
-4.5- A, -4.5- 為 <0 
各 O-gJ & 
07 A” 级命 C1 ^ "P 广，f O- »'P-4.0- o C14 O 
^ CI « 
“ . 。 - 013 C14_ 炉 ^ ^ 
o- o 
—3>5 *• I I I I ' • -1 —3.0 I I I I " i *• 
5.1 5 .0 4.9 4 .8 4 .7 4.6 p p m 5.1 5.0 4.9 4.8 4 .7 4.6 p p m 
H3. H3' 
7. refA-A(CAG) 8. refA-A(CAT) 
ppm I 1 ] . I « ' p p m ^ ' • 1 < • l i ~ 
- a s ' . c q c a q o Q . , - * ' a 9 5 - c q c a t q Q 
A9 S ' . Q C G A C C . * • 3 .-GCGAACaA 
• »i< II It n ig? i< ij II ,1,0 , 
- 4 . 5 - 各 - 4 . 5 - 07 ^ 
S A4 • T5 
"P-4.0- — "P-4.0- CM 私 
-3 . 5- CIO -3 .5-
CIO 
O 
-3.0-1 1 I I I I . . . . - A I I 
5.1 5 .0 4 .9 4 .8 4 .7 4.6 p p m 5.1 5.0 4.9 4.8 4.7 p p m 
H3' H3 
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(continued) 
9. refA A(GAA) 10. refA A(GAC) 
ppm ] 1 f ) 4 » ppm Gs " J 4 5 •又 - AO S'.CQQAAQO . - <^ 9 S'.CQQACQG , 
3 - G C C A T c / 3'.GCC AGCA 
li 14 n It n 10 t IS 121110 I 
eg ^ 搭 . 
- 3 . 5 - - 3 . S - A C O 
- 3 . 0 1 I 丨 I 丨 I I - 3 . 0 I I I I I 丨 
5,1 5.0 4.9 4.8 4.7 4.6 ppm 5.1 5.0 4.9 4.8 4.7 4,6 ppm 
H3. H3' 
11. refA.A(GAG) 12. refA-A(GAT) 
PPmJ ~ s'.CGoiGGQ^. I ppmj oe^  ' 
A^ 3'-QCC ACC/ © S'-GCCAACA 
II u ia li ti 10 f u N n it ” ip « 
… & 基 -4.5-為2 O" ^ ^ 
• •P -4 .0 - 益 S i i A ' • P - 4 . 0 - 甚 
。•^  cuS . ^ ^ 逃 
- 3 . 5 - c i j ^ - 3 . 5 - • 
.基 
-3 -0 丨 I I 丨 丨 -3.0 丨 丨 丨I,… 丨 
5.1 5.0 4.9 4.8 4.7 4.6 ppm 5.1 5.0 4.9 4.8 4.7 4.6 p p m 
H3' H3. 
13. refA-A(TAA) 14. refA.A(TAC) 
PPm_l ^ S ^ C G l i c o O , .1 PPm^ q -
• 3 ' - 0 C A A Q C . * ' ^ 3 . -QCAAQC广 
ISK U It n o t IV ” .1 « 11 10 , 
02 ^ I S S . ^ 
A12 • 丘 A12 ^ 
'•P-4.0- 二品 • •P-4 .0- ：品 
•2•一 么一 
02 02 
-3,5- 办 -3.5- 办 
C10 ^ 
- 3 .0 I I I I . " . I I -3.0• 1 1 I 丨 I 丨 
5.1 5.0 4.9 4.8 4.7 4.6 ppm 5.1 5.0 4.9 4.8 4.7 4.6 ppm 
H3, H3' 
15. refA'A(TAG) 16. refA.A(TAT) 
ppm I 2 s 4 ft • ' ppm 06 «»»*» • ! 
- . 07 • s ' - c q t a g q O - -Afl s ' - c g t a t g Q 
• r - Q C A A C C / • 3 . G C A A A C a A 
M ti U 1| ii M10 V •» _»“ I 
- - . ： • - 4 . 5 - A 二 ^ „ -
A U £ G2 . - — 
•忍 t ⑶ . 么 . ，'P-4.0- 二 c上甚 
‘ - 3 . 5 -
- 3 . 5 - SJO C10 
I • I I I -3 .0 1 1 I I I I 
5.1 5.0 4.9 4.6 4.7 4.6 ppm 5.1 5.0 4.9 4.8 4.7 4.6 ppm 
H3' H3. 
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Appendix VII: 1^蘭2，， H^ and ^^ P Chemical Shifts of 
r e f A T ( X A Y ) a ， b 
Chemical Shift (ppm) 
3 J _ ’ A-H2/ G-NH/ 




CI 8.6 7.600 5.913 5.708 1.828 2.330 4.674 - -
G2 10.2 7.934 - 5.309 2.676 2.719 4.973 12.937 -3.98 
A3 10.1 8.189 7.337 5.896 2.728 2.895 5.078 - -3.88 
A4 9.4 8.085 7.199 5.836 2.585 2.803 5.040 - -4.18 
A5 9.5 7.750 7.700 5.864 2.120 2.532 4.936 - -4.15 
G6 10.3 6.925 - 5.555 1.722 2.048 4.790 - -4.28 
G7 10.1 7.972 - 4.963 2.647 2.442 4.831 - -4.99 
A8 9.8 8.055 8.035 5.872 2.276 2.250 4.560 - -4.29 
A9 10.3 8.036 8.072 6.266 3.101 2.944 4.823 - -4.39 
CIO 8.8 7.691 5.852 5.604 2.282 2.282 4.801 - -4.92 
Ti l 9.7 7.508 1.675 6.192 2.328 2.643 4.935 14.044 -3.52 
T12 9.7 7.543 1.726 6.136 2.198 2.642 4.094 14.146 -4.16 
T13 9.6 7.473 1.734 6.065 2.148 2.494 4.893 13.920 -4.29 
C14 8.7 7.516 5.762 5.684 2.019 2.361 4.836 8.712/7.108 -4.13 
G15 9.3 7.952 - 6.159 2.616 2.370 4.682 - -3.72 
2.refA.T(AAC) 
CI 8.6 7.596 5.910 5.717 1.822 2.324 4.676 - -
G2 10.1 7.941 - 5.310 2.693 2.741 4.980 12.961 -3.97 
A3 10.0 8.208 7.421 5.980 2.772 2.935 5.094 - -3.84 
A4 9.9 8.118 7.731 6.086 2.563 2.830 5.026 - -4.20 
C5 8.7 6.920 5.095 5.589 1.207 1.960 4.655 8.244/6.516 -4.13 
G6 8.6 7.139 - 5.783 1.883 2.102 4.798 - -4.20 
G7 10.2 8.018 - 5.052 2.704 2.500 4.874 - -5.05 
A8 9.8 8.082 8.048 5.870 2.287 2.235 4.557 - -4.31 
A9 9.6 7.977 8.080 6.228 3.142 2.909 4.799 - -4.47 
CIO 9.8 7.646 5.828 5.088 2.252 2.277 4.801 - -4.89 
G i l 10.1 7.943 - 6.103 2.730 2.853 5.037 12.872 -2.95 
T12 8.8 7.321 1.453 6.093 2.146 2.608 4.890 14.012 -4.34 
T13 9.8 7.442 1.680 6.087 2.142 2.492 4.887 13.974 -4.38 
C14 8.7 7.521 5.764 5.690 2.031 2.377 4.847 8.711/7.106 -4.16 
G15 8.4 7.958 - 6.173 2.618 2.378 4.687 - -3.71 
a Labile proton (G-NH, T-NH, C-NH41, C-NH42) chemical shifts were measured at 15 °C. Other 
proton and phosphorus chemical shifts were measured at 25 °C. 
b The estimated measurement uncertainty of 3Jhi’h2, was 士 0.3 Hz. 
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(continued) 
Chemical Shift (ppm) 
\vm' A-H2/ G-NH/ 




CI 8.4 7.606 5.915 5.712 1.845 2.343 4.683 - -
G2 10.2 7.946 - 5.333 2.689 2.749 4.980 12.959 -3.98 
A3 10.3 8.204 7.386 5.911 2.750 2.908 5.083 - -3.87 
A4 10.1 8.038 7.551 5.942 2.566 2.795 5.030 - -4.14 
G5 10.0 7.290 - 5.525 2.048 2.377 4.878 13.047 -4.15 
G6 10.4 6.975 - 5.669 1.704 2.067 4.785 - -4.08 
G7 10.2 7.988 - 4.995 2.647 2.468 4.852 - -4.97 
A8 9.7 8.070 8.038 5.879 2.291 2.235 4.566 - -4.31 
A9 10.4 8.023 8.079 6.286 3.169 2.948 4.816 - -4.45 
CIO 10.2 7.701 5.846 5.592 2.267 2.332 4.825 - -4.85 
C l l 8.8 7.625 5.685 6.113 2.268 2.576 4.853 8.533/6.914 -3.11 
T12 9.3 7.516 1.689 6.101 2.214 2.616 4.895 14.224 -4.24 
T13 9.4 7.476 1.734 6.072 2.151 2.490 4.887 14.014 -4.32 
C14 9.0 7.524 5.773 5.681 2.029 2.375 4.837 8.726/7.188 -4.14 
G15 8.3 7.954 - 6.165 2.612 2.376 4.683 - -3.71 
4.refA.T(AAT) 
CI 8.4 7.593 5.901 5.708 1.821 2.325 4.674 - -
G2 10.0 7.942 - 5.369 2.700 2.775 4.989 12.898 -3.97 
A3 10.1 8.214 7.349 6.038 2.787 2.966 5.100 - -3.94 
A4 9.9 8.160 7.711 6.145 2.520 2.875 5.019 - -4.18 
T5 9.0 6.790 1.322 5.662 1.206 1.883 4.707 13.773 -4.29 
G6 10.1 7.181 - 5.795 1.908 2.027 4.802 12.351 -4.29 
G7 10.1 8.007 - 5.057 2.708 2.511 4.875 - -5.07 
A8 10.3 8.081 8.030 5.859 2.291 2.222 4.544 - -4.42 
A9 9.7 7.931 8.030 6.189 3.128 2.872 4.786 - -4.46 
CIO 9.4 7.662 5.864 4.878 2.245 2.268 4.798 - -4.91 
A l l 9.8 8.390 7.886 6.374 2.845 2.987 5.095 - -2.91 
T12 8.9 7.264 1.461 6.002 2.054 2.574 4.854 13.773 -4.34 
T13 9.4 7.427 1.643 6.078 2.142 2.481 4.885 13.904 -3.73 
C14 8.8 7.508 5.739 5.700 2.025 2.365 4.840 8.646/7.131 -4.17 
G15 8.6 7.946 - 6.169 2.620 2.369 4.682 - -3.73 
(to be continued) 
53 
(continued) 
Chemical Shift (ppm) 
3JHI’H2, A-H2/ G-NH/ 




CI 8.3 7.651 5.927 5.772 2.000 2.428 4.713 - -
G2 10.1 7.966 - 5.903 2.674 2.744 4.981 13.062 -4.04 
C3 9.5 7.376 5.456 5.499 1.987 2.334 4.844 8.465/6.427 -3.92 
A4 9.5 8.242 7.279 5.841 2.744 2.860 5.046 - -3.91 
A5 9.7 7.843 7.700 5.892 2.218 2.563 4.962 - -4.16 
G6 10.4 6.953 - 5.560 1.744 2.063 4.797 12.345 -4.14 
G7 10.1 7.977 - 4.979 2.651 2.446 4.831 - -4.98 
A8 9.8 8.056 8.044 5.881 2.273 2.248 4.562 - -4.30 
A9 10.0 8.042 8.077 6.269 3.105 2.949 4.827 - -4.37 
CIO 10.1 7.693 5.855 5.618 2.252 2.307 4.797 8.256/7.025 -4.92 
T i l 9.4 7.477 1.674 6.164 2.237 2.609 4.918 14.007 -3.56 
T12 9.5 7.375 1.745 5.814 2.120 2.447 4.902 14.047 -4.34 
G13 9.7 7.933 - 5.839 2.634 2.673 4.969 12.758 -4.06 
C14 8.8 7.350 5.440 5.774 1.897 2.359 4.805 8.465/6.640 -4.18 
G15 8.6 7.938 - 6.147 2.600 2.363 4.666 - -3.92 
6.refA.T(CAC) 
CI 8.8 7.645 5.924 5.777 1.991 2.421 4.711 - -
G2 10.2 7.969 - 5.904 2.684 2.745 4.985 13.072 -4.03 
C3 9.8 7.410 5.473 5.584 2.069 2.406 4.866 8.393/6.472 -4.14 
A4 9.6 8.292 7.766 6.198 2.716 2.895 5.036 - -3.92 
C5 8.8 6.987 5.231 5.622 1.274 1.975 4.685 8.374/6.615 -4.19 
G6 9.0 7.152 - 5.785 1.905 2.113 4.804 12.574 -4.17 
G7 10.2 8.024 - 5.061 2.703 2.499 4.872 - -5.04 
A8 10.0 8.083 8.058 5.883 2.287 2.244 4.588 - -4.37 
A9 10.0 7.981 8.068 6.232 3.137 2.917 4.804 - -4.47 
CIO 10.0 7.653 5.834 5.123 2.251 2.285 4.804 8.379/6.929 -4.88 
G i l 10.2 7.928 - 6.057 2.689 2.821 5.027 12.857 -2.98 
T12 10.0 7.181 1.479 5.833 2.072 2.436 4.897 13.809 -4.38 
G13 9.8 7.904 - 5.854 2.643 2.681 4.981 12.809 -4.14 
C14 8.5 7.345 5.436 5.777 1.898 2.337 4.804 8.473/6.638 -3.93 
G15 8.3 7.943 - 6.159 2.607 2.367 4.671 - -3.91 
(to be continued) 
54 
(continued) 
Chemical Shift (ppm) 
3JHI’H2, A-H2/ G-NH/ 




CI 8.4 7.651 5.925 5.772 1.997 2.423 4.714 - -
G2 9.9 7.973 - 5.900 2.678 2.737 4.989 13.073 -4.04 
C3 9.5 7.405 5.467 5.500 2.029 2.344 4.850 8.444/6.500 -3.95 
A4 10.0 8.189 7.649 5.956 2.720 2.860 5.034 - -3.86 
G5 9.4 7.394 - 5.533 2.135 2.408 4.905 13.058 -4.17 
G6 9.7 7.008 - 5.663 1.730 2.076 4.793 12.46 -4.05 
G7 10.2 7.998 - 5.000 2.675 2.468 4.852 - -4.96 
A8 9.7 8.071 8.047 5.885 2.290 2.243 4.568 - -4.30 
A9 9.9 8.022 8.091 6.281 3.167 2.948 4.817 - -4.44 
CIO 10.0 7.705 5.856 5.599 2.256 2.330 4.826 8.270/6.933 -4.85 
C l l 9.2 7.603 5.688 6.100 2.164 2.522 4.866 8.579/6.895 -3.11 
T12 9.6 7.359 1.700 5.732 2.144 2.446 4.889 14.094 -4.30 
G13 9.9 7.934 - 5.863 2.679 2.739 4.981 12.855 -4.05 
C14 8.4 7.349 5.459 5.768 1.895 2.336 4.801 8.49/6.666 -4.16 
G15 8.4 7.941 - 6.155 2.605 2.365 4.668 - -3.90 
8.refA-T(CAT) 
CI 9.1 7.645 5.918 5.771 1.998 2.433 4.713 - -
G2 10.2 7.972 - 5.927 2.692 2.771 4.992 13.048 -4.04 
C3 9.6 7.420 5.460 5.653 2.144 2.464 4.882 8.366/6.489 -4.17 
A4 9.3 8.345 7.675 6.249 2.671 2.937 5.034 - -3.90 
T5 9.0 6.882 1.443 5.701 1.278 1.915 4.732 13.802 -4.32 
G6 9.5 7.194 - 5.799 1.919 2.042 4.806 12.363 -4.04 
G7 10.0 8.013 - 5.062 2.710 2.511 4.874 - -5.07 
A8 9.9 8.080 8.040 5.866 2.294 2.228 4.548 - -4.44 
A9 10.1 7.940 8.039 6.194 3.128 2.888 4.794 - -4.45 
CIO 10.1 7.670 5.876 4.939 2.242 2.290 4.802 8.271/6.931 -4.90 
A l l 9.7 8.369 7.870 6.335 2.787 2.973 5.087 - -2.97 
T12 9.2 7.132 1.480 5.756 2.013 2.381 4.881 13.084 -4.36 
G13 9.1 7.863 - 5.828 2.608 2.662 4.970 12.664 -4.12 
C14 9.1 7.334 5.414 5.770 1.904 2.336 4.794 8.428/6.603 -3.93 
G15 8.7 7.934 - 6.156 2.601 2.363 4.664 - -3.90 
(to be continued) 
55 
(continued) 
Chemical Shift (ppm) 
” m’H2’ A-H2/ G-NH/ 




CI 9.1 7.583 5.905 5.737 1.822 2.326 4.672 - -
G2 10.1 7.887 - 5.423 2.660 2.700 4.960 13.209 -3.95 
G3 10.0 7.809 - 5.534 2.646 2.766 5.027 12.766 -3.75 
A4 9.5 8.133 7.362 5.935 2.670 2.870 5.061 - -4.05 
A5 9.8 7.784 7.738 5.875 2.171 2.550 4.953 - -4.18 
G6 10.2 6.943 - 5.569 1.728 2.058 4.794 12.345 -4.15 
G7 10.1 7.975 - 4.973 2.651 2.446 4.834 - -4.98 
A8 9.5 8.055 8.039 5.874 2.282 2.248 4.563 - -4.29 
A9 10.2 8.040 8.073 6.269 3.107 2.947 4.824 - -4.38 
CIO 9.8 7.693 5.852 5.614 2.244 2.287 4.802 8.263/7.016 -4.92 
Ti l 9.3 7.492 1.667 6.172 2.280 2.636 4.905 14.040 -3.51 
T12 9.9 7.494 1.709 6.108 2.228 2.571 4.911 14.004 -4.34 
C13 9.0 7.593 5.738 5.921 2.155 2.409 4.840 8.513/6.897 -4.16 
C14 8.9 7.486 5.726 5.654 1.974 2.327 4.819 8.765/7.106 -3.86 
G15 8.7 7.946 - 6.172 2.638 2.385 4.682 - -3.77 
10.refA.T(GAC) 
CI 8.7 7.586 5.905 5.747 1.828 2.329 4.676 - -
G2 9.7 7.899 - 5.432 2.670 2.721 4.967 13.219 -3.95 
G3 10.2 7.830 - 5.634 2.681 2.804 5.045 12.860 -3.73 
A4 10.0 8.188 7.885 6.204 2.644 2.904 5.045 - -4.18 
C5 8.5 6.944 5.147 5.619 1.271 1.972 4.687 8.329/6.551 -4.11 
G6 10.2 7.150 - 5.791 1.893 2.114 4.806 12.566 -4.18 
G7 9.5 8.020 - 5.064 2.704 2.479 4.875 - -5.03 
A8 10.1 8.083 8.053 5.879 2.289 2.244 4.559 - -4.36 
A9 9.6 7.987 8.065 6.237 3.136 2.919 4.803 - -4.46 
CIO 10.0 7.643 5.828 5.129 2.239 2.296 4.801 8.381/6.923 -4.88 
G i l 9.5 7.928 - 6.073 2.702 2.834 5.012 12.877 -3.03 
T12 9.7 7.297 1.431 6.097 2.187 2.543 4.904 13.825 -4.37 
C13 8.8 7.569 5.688 5.951 2.146 2.424 4.828 8.444/6.825 -4.17 
C14 8.9 7.492 5.729 5.663 1.986 2.334 4.826 8.761/7.105 -3.91 
G15 9.2 7.967 - 6.187 2.641 2.387 4.687 - -3.75 
(to be continued) 
56 
(continued) 
Chemical Shift (ppm) 
3JHI,H2, A - H 2 / G - N H / 




CI 8.7 7.588 5.911 5.752 1.838 2.376 4.680 - -
G2 9.9 7.899 - 5.422 2.672 2.708 4.984 13.226 -3.95 
G3 10.2 7.825 - 5.566 2.667 2.781 5.032 12.866 -3.71 
A4 9.8 8.091 7.710 6.031 2.644 2.875 5.051 - -4.03 
G5 9.8 7.331 - 5.532 2.093 2.398 4.898 13.113 -4.17 
G6 10.0 6.989 - 5.675 1.705 2.074 4.792 12.468 -4.06 
G7 10.0 7.992 - 5.000 2.708 2.474 4.859 - -4.96 
A8 10.1 8.072 8.037 5.880 2.296 2.240 4.671 - -4.30 
A9 9.7 8.030 8.086 6.284 3.171 2.950 4.819 - -4.44 
CIO 10.0 7.701 5.849 5.602 2.286 2.334 4.827 8.281/6.926 -4.84 
C l l 9.5 7.621 5.679 6.062 2.336 2.558 4.806 8.547/6.894 -3.13 
T12 9.7 7.497 1.673 6.097 2.248 2.558 4.904 14.001 -4.34 
C13 9.8 7.589 5.740 5.932 2.330 2.408 4.839 8.525/6.926 -4.21 
C14 9.1 7.493 5.735 5.660 1.991 2.333 4.824 8.775/7.12 -3.85 
G15 8.8 7.966 - 6.182 2.640 2.386 4.686 - -3.75 
12.refA-T(GAT) 
CI 8.8 7.580 5.898 5.749 1.823 2.040 4.676 - -
G2 9.9 7.901 - 5.438 2.679 2.734 4.973 13.18 -3.95 
G3 10.2 7.832 - 5.741 2.696 2.838 5.044 12.75 -3.73 
A4 9.7 8.217 7.831 6.231 2.603 2.926 5.037 - -4.16 
T5 8.8 6.848 1.357 5.711 1.280 1.915 4.735 13.791 -4.29 
G6 9.9 7.195 - 5.806 1.912 2.109 4.808 12.365 -4.28 
G7 10.2 8.013 - 5.061 2.712 2.513 4.878 - -5.06 
A8 10.2 8.084 8.034 5.861 2.293 2.227 4.547 - -4.42 
A9 9.9 7.941 8.034 6.194 3.126 2.881 4.789 - -4.45 
CIO 10.2 7.662 5.867 4.917 2.237 2.283 4.799 8.266/6.998 -4.90 
A l l 9.5 8.372 7.904 6.357 2.804 2.987 5.082 - -2.96 
T12 9.3 7.222 1.454 5.954 2.109 2.484 4.829 13.657 -4.37 
C13 9.3 7.549 5.633 5.954 2.123 2.423 4.878 8.369/6.734 -3.75 
C14 8.9 7.485 5.707 5.645 1.986 2.329 4.819 8.723/7.079 -4.12 
G15 8.5 7.959 6.184 2.635 2.384 4.688 - -3.97 
(to be continued) 
57 
(continued) 
Chemical Shift (ppm) 
3JHI’H2’ A.-Y{2I G-NH/ 




CI 8.4 7.659 5.924 5.788 2.048 2.441 4.710 -
G2 9.8 7.996 - 5.976 2.691 2.799 4.985 12.832 -3.98 
T3 9.8 7.261 1.525 5.605 2.072 2.396 4.884 13.429 -4.34 
A4 9.8 8.258 7.029 5.892 2.732 2.862 5.048 - -4.06 
A5 9.3 7.835 7.640 5.871 2.198 2.552 4.956 - -4.13 
G6 10.2 6.949 - 5.562 1.730 2.059 4.792 12.341 -4.14 
G7 10.1 7.975 - 4.972 2.646 2.442 4.829 - -4.98 
A8 9.8 8.053 8.042 5.875 2.277 2.250 4.560 - -4.30 
A9 10.1 8.041 8.072 6.268 3.097 2.950 4.823 - -4.38 
CIO 9.5 7.687 5.851 5.612 2.243 2.307 4.792 8.260/7.018 -4.92 
Ti l 9.1 7.474 1.665 6.135 2.235 2.598 4.906 13.975 -3.56 
T12 9.8 7.435 1.764 5.727 2.110 2.439 4.910 13.817 -4.35 
A13 10.1 8.341 7.505 6.173 2.723 2.843 5.048 - -4.11 
C14 9.3 7.283 5.367 5.644 1.840 2.274 4.758 8.326/6.762 -4.09 
G15 8.6 7.889 - 6.124 2.571 2.350 4.639 - -3.87 
14.refA-T(TAC) 
CI 8.5 7.659 5.917 5.778 2.045 2.442 4.713 - -
G2 10.0 7.997 - 5.983 2.698 2.796 4.988 12.842 -3.97 
T3 9.9 7.294 1.520 5.648 2.151 2.461 4.902 13.515 -4.34 
A4 9.4 8.316 7.549 6.210 2.722 2.899 5.040 - -4.09 
C5 9.8 7.008 5.225 5.619 1.276 1.981 4.679 8.345/6.627 -4.13 
G6 10.3 7.153 - 5.788 1.900 2.116 4.805 12.574 -4.16 
G7 9.9 8.024 - 5.058 2.701 2.499 4.871 - -5.03 
A8 9.8 8.080 8.055 5.878 2.280 2.245 4.555 - -4.37 
A9 9.5 7.984 8.062 6.230 2.916 3.128 4.802 - -4.46 
CIO 9.9 7.644 5.829 5.113 2.232 2.278 4.796 8.383/6.942 -4.88 
G i l 9.8 7.918 - 6.033 2.676 2.805 5.016 12.830 -2.99 
T12 9.5 7.250 1.511 5.678 2.096 2.414 4.898 13.773 -4.37 
A13 9.4 8.316 7.564 6.202 2.724 2.859 5.033 - -4.00 
C14 9.1 7.283 5.376 5.648 1.846 2.279 4.772 8.331/6.793 -4.11 
G15 8.5 7.893 - 6.130 2.580 2.355 4.650 - -3.85 
(to be continued) 
58 
(continued) 
Chemical Shift (ppm) 
3JHI,H2, A_H2/ G-NH/ 




CI 8.5 7.662 5.926 5.786 2.054 2.453 4.716 - -
G2 10.0 8.002 - 5.983 2.695 2.794 4.987 12.849 -3.97 
T3 10.0 7.293 1.531 5.583 2.124 2.411 4.883 13.612 -4.35 
A4 9.8 8.198 7.430 6.014 2.710 2.871 5.039 - -3.98 
G5 9.9 7.386 - 5.511 2.129 2.403 4.896 13.029 -4.10 
G6 10.3 7.001 - 5.668 1.702 2.078 4.786 12.465 -4.06 
G7 10.2 7.994 - 4.996 2.671 2.471 4.851 - -4.96 
A8 10.1 8.069 8.041 5.880 2.293 2.242 4.566 - -4.32 
A9 9.4 8.027 8.083 6.280 3.162 2.951 4.816 - -4.43 
CIO 10.2 7.698 5.850 5.597 2.280 2.323 4.821 8.283/6.952 -4.85 
C l l 8.7 7.596 5.678 6.043 2.172 2.515 4.821 8.586/6.900 -3.17 
T12 9.7 7.431 1.721 5.624 2.163 2.448 4.903 13.866 -4.33 
A13 9.9 8.338 7.548 6.199 2.736 2.856 5.043 - -4.03 
C14 8.3 7.289 5.389 5.641 1.849 2.279 4.765 8.359/6.810 -4.16 
G15 8.4 7.893 - 6.132 2.577 2.355 4.646 - -3.86 
16.refA-T(TAT) 
CI 8.5 7.659 5.915 5.787 2.055 2.454 4.712 - -
G2 10.1 7.992 - 6.004 2.699 2.825 4.991 12.833 -3.96 
T3 9.7 7.300 1.522 5.743 2.214 2.542 4.920 13.435 -4.36 
A4 9.8 8.364 7.420 6.269 2.667 2.939 5.038 - -4.04 
T5 10.0 6.888 1.418 5.690 1.294 1.923 4.731 13.754 -4.29 
G6 10.2 7.189 - 5.795 1.906 2.047 4.805 12.355 -4.26 
G7 10.0 8.009 - 5.057 2.705 2.508 4.872 - -5.06 
A8 10.1 8.078 8.032 5.862 2.290 2.226 4.545 - -4.44 
A9 9.8 7.941 8.034 6.194 3.115 2.885 4.792 - -4.44 
CIO 9.8 7.659 5.865 4.939 2.231 2.285 4.796 8.265/6.942 -4.90 
T i l 9.9 8.358 7.827 6.308 2.778 2.959 5.074 - -3.00 
T12 9.6 7.199 1.509 5.628 2.028 2.381 4.882 13.435 -4.37 
A13 9.4 8.269 7.440 6.171 2.677 2.829 5.074 - -4.09 
C14 8.8 7.271 5.343 5.645 1.854 2.276 4.774 - -4.10 
G15 8.4 7.882 - 6.131 2.571 2.351 4.646 - -3.87 
59 
Appendix VIII: ^Jurnr, ^H and ^^ P Chemical Shifts of 
refA.A(XAY)a，b 
Chemical Shift (ppm) 
3JHI’H2’ ^ ^ G-NH/ 




CI 8.7 7.574 5.895 5.732 1.756 2.281 4.641 - -
G2 9.2 7.886 - 5.319 2.627 2.627 4.939 12.847 -4.01 
A3 9.9 8.052 7.613 5.793 2.517 2.635 4.987 - -3.89 
A4 8.7 8.046 7.673 5.730 2.601 2.601 4.977 - -3.97 
A5 9.4 7.846 7.658 5.859 2.243 2.527 4.930 - -3.97 
G6 10.1 7.048 - 5.584 1.821 2.113 4.799 12.276 -4.17 
G7 10.2 7.952 - 5.021 2.625 2.439 4.837 - -4.82 
A8 9.3 8.046 8.013 5.864 2.276 2.276 4.589 - -4.24 
A9 9.9 8.049 8.020 6.245 3.030 2.910 4.834 - -4.37 
CIO 9.2 7.634 5.828 5.612 2.144 2.268 4.758 - -4.78 
Ti l 9.8 7.271 1.689 5.817 1.907 2.332 4.839 13.513 -3.78 
A12 9.1 8.207 7.934 6.208 2.872 2.833 5.016 - -3.87 
T13 9.0 7.268 1.516 5.980 2.035 2.397 4.829 13.349 -4.29 
CM 8.9 7.511 5.758 5.708 2.007 2.346 4.812 8.539/ -4.07 
G15 8.4 7.941 - 6.152 2.639 2.386 4.679 - -3.73 
2.refA.A(AAC) 
CI 8.5 7.595 5.894 5.697 1.824 2.307 4.669 - -
G2 9.8 7.915 - 5.312 2.675 2.675 4.959 12.905 -3.99 
A3 9.9 8.094 7.606 5.741 2.570 2.712 5.034 - -3.91 
A4 9.3 8.170 8.184 6.105 2.738 2.771 5.032 - -4.10 
C5 8.3 6.939 5.058 5.607 1.118 1.938 4.637 8.184/6.477 -3.79 
G6 10.0 7.156 - 5.802 1.945 2.130 4.808 12.576 -4.21 
G7 10.2 8.021 - 5.074 2.702 2.498 4.872 - -5.05 
A8 9.5 8.078 8.048 5.863 2.254 2.254 4.553 - -4.34 
A9 9.3 7.975 8.036 6.205 3.090 2.888 4.796 - -4.45 
CIO 9.6 7.566 5.811 5.016 2.077 2.178 4.734 8.368/6.934 -4.92 
G i l 10.3 7.785 - 5.388 2.590 2.694 4.990 12.753 -3.14 
A12 8.8 8.235 8.235 6.249 2.909 2.909 5.059 - -3.58 
T13 9.3 7.142 1.336 5.982 1.947 2.391 4.832 13.478 -4.37 
C14 9.2 7.493 5.705 5.658 2.043 2.355 4.834 8.611/7.071 -4.13 
G15 8.6 7.942 - 6.157 2.615 2.371 4.680 - -3.69 
a Labile proton (G-NH, T-NH, C-NH41, C-NH42) chemical shifts were measured at 15 Other 
proton and phosphorus chemical shifts were measured at 25 °C. 
b The estimated measurement uncertainty of ^ Jhi'H2' was ± 0.3 Hz. 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
A_H2/ G-NH/ 




CI 8.6 7.573 5.887 5.727 1.750 2.289 4.644 - -
G2 9.2 7.896 - 5.326 2.637 2.637 4.941 12.873 -4.01 
A3 9.5 8.058 7.648 5.840 2.519 2.629 4.986 - -3.90 
A4 9.8 8.034 7.879 5.815 2.580 2.580 4.961 - -3.97 
G5 9.6 7.489 - 5.550 2.218 2.437 4.888 12.868 -3.90 
G6 10.2 7.063 - 5.694 1.784 2.116 4.797 12.452 -4.06 
G7 10.1 7.988 - 5.044 2.668 2.472 4.858 - -4.92 
A8 9.3 8.064 8.050 5.870 2.263 2.263 4.574 - -4.26 
A9 9.8 8.030 8.034 6.268 3.105 2.927 4.821 - -4.42 
CIO 9.2 7.614 5.835 5.544 2.192 2.226 4.766 8.177/6.902 -4.80 
C l l 9.3 7.406 5.691 5.764 1.834 2.260 4.822 8.411/6.902 -3.40 
A12 9.4 8.222 7.953 6.202 2.856 2.817 5.011 - -3.78 
T13 9.4 7.291 1.554 5.990 2.049 2.405 4.837 13.334 -4.22 
C14 8.7 7.518 5.768 5.697 2.022 2.348 4.816 8.562/7.123 -4.09 
G15 8.4 7.945 - 6.157 2.632 2.386 4.682 - -3.71 
4.refA-A(AAT) 
CI 8.6 7.591 5.883 5.695 1.813 2.310 4.665 -
G2 10.0 7.916 - 5.347 2.658 2.713 4.966 12.832 -4.00 
A3 10.0 8.074 7.570 5.882 2.625 2.871 5.049 - -3.99 
A4 9.7 8.087 8.042 6.072 2.697 2.785 5.015 - -3.96 
T5 8.4 6.826 1.214 5.717 1.180 1.866 4.700 13.844 -4.31 
G6 10.0 7.211 - 5.819 1.964 2.057 4.813 12.359 -4.26 
G7 9.8 8.009 - 5.074 2.707 2.514 4.877 - -5.06 
A8 9.4 8.080 8.024 5.845 2.284 2.232 4.548 - -4.41 
A9 9.5 7.916 8.000 6.152 3.078 2.828 4.780 - -4.48 
CIO 9.9 7.591 5.845 4.734 2.136 2.105 4.734 8.230/6.850 -4.93 
A l l 10.1 8.122 7.632 5.850 2.707 2.865 5.056 - -3.08 
A12 9.4 8.140 8.074 6.137 2.824 2.824 5.035 - -3.93 
T13 9.6 7.149 1.260 5.980 1.960 2.382 4.825 13.574 -4.31 
C14 9.0 7.488 5.694 5.666 2.034 2.352 4.825 8.543/7.014 -4.13 
G15 8.3 7.933 - 6.152 2.610 2.369 4.673 - -3.71 
(to be continued) 
61 
(continued) 
Chemical Shift (ppm) 
\vH2' A-H2/ G-NH/ 




CI 8.5 7.624 5.916 5.773 1.927 2.385 4.701 - -4.00 
G2 9.3 7.964 - 5.843 2.690 2.690 4.984 13.027 -4.12 
C3 8.8 7.374 5.501 5.881 1.892 2.138 4.739 8.181/6.595 -3.77 
A4 8.6 8.116 7.512 5.515 2.518 2.518 4.896 - -3.78 
A5 9.4 7.983 7.610 5.820 2.432 2.602 4.952 - -4.19 
G6 9.3 7.039 - 5.632 1.803 2.128 4.794 12.329 -4.97 
G7 9.8 7.983 - 5.032 2.659 2.459 4.848 - -4.25 
A8 8.8 8.061 8.048 5.874 2.264 2.264 4.570 - -4.40 
A9 9.0 8.076 8.061 6.292 3.080 2.950 4.836 - -4.81 
CIO 9.1 7.643 5.856 5.607 2.142 2.326 4.760 8.256/7.099 -3.77 
Ti l 8.6 7.346 1.682 5.973 2.056 2.244 4.820 13.581 -3.81 
A12 8.7 8.126 7.660 5.670 2.584 2.584 4.914 - -3.68 
G13 9.3 7.904 - 5.821 2.694 2.694 4.984 12.649 -3.87 
C14 8.9 7.306 5.405 5.732 1.869 2.304 4.788 8.442/6.634 -3.85 
G15 8.8 7.937 - 6.161 2.623 2.375 4.674 - -
6.refA-A(CAC) 
CI 8.7 7.634 5.910 5.750 1.950 2.395 4.704 - -
G2 9.9 7.962 - 5.879 2.669 2.707 4.979 13.037 -4.02 
C3 9.7 7.327 5.477 5.558 1.678 2.091 4.787 8.259/6.607 -4.11 
A4 9.4 8.250 8.172 6.209 2.839 2.839 5.017 - -3.67 
C5 9.1 7.006 5.308 5.560 1.145 1.959 4.645 8.387/6.675 -4.18 
G6 10.0 7.173 - 5.811 1.969 2.156 4.813 12.605 -4.19 
G7 10.1 8.027 - 5.091 2.705 2.504 4.876 - -5.03 
A8 9.5 8.081 8.059 5.874 2.259 2.259 4.556 - -4.35 
A9 9.7 7.998 8.049 6.220 3.086 2.904 4.805 - -4.43 
CIO 9.8 7.555 5.838 5.069 2.016 2.161 4.728 8.412/7.081 -4.91 
G i l 8.6 7.786 - 5.318 2.498 2.498 4.954 12.818 -3.24 
A12 9.5 8.196 8.216 5.958 2.828 2.828 5.049 - -3.53 
G13 9.8 7.738 - 5.845 2.551 2.663 4.984 12.729 -3.97 
C14 8.7 7.302 5.371 5.741 1.888 2.320 4.808 8.412/6.542 -4.02 
G15 8.7 7.927 - 6.145 2.603 2.359 4.670 - -3.89 
(to be continued) 
62 
(continued) 
Chemical Shift (ppm) 
A_H2/ G-NH/ 




CI 8.4 7.624 5.912 5.771 1.920 2.383 4.699 -
G2 8.9 7.966 - 5.836 2.689 2.689 4.978 13.027 -4.00 
C3 8.5 7.391 5.497 5.919 1.950 2.176 4.732 8.145/6.567 -3.83 
A4 8.7 8.089 7.630 5.613 2.497 2.567 4.864 - -3.76 
G5 9.5 7.644 - 5.509 2.409 2.513 4.907 12.854 -3.71 
G6 10.0 7.069 - 5.718 1.772 2.126 4.791 12.508 -4.07 
G7 10.3 8.002 - 5.054 2.689 2.485 4.870 - -4.95 
A8 9.5 8.078 8.047 5.879 2.264 2.264 4.570 - -4.27 
A9 10.0 8.056 8.075 6.293 3.133 2.950 4.824 - -4.44 
CIO 9.4 7.628 5.853 5.540 2.209 2.292 4.769 8.276/6.950 -4.79 
C l l 8.5 7.480 5.696 5.940 2.027 2.217 4.775 8.327/6.878 -3.41 
A12 8.7 8.129 7.668 5.608 2.565 2.565 4.898 - -3.77 
G13 8.9 7.920 - 5.852 2.715 2.715 4.988 12.649 -3.59 
C14 9.3 7.310 5.412 5.734 1.866 2.303 4.791 8.457/6.647 -4.14 
G15 8.7 7.942 - 6.168 2.625 2.383 4.676 - -3.84 
8.refAA(CAT) 
CI 8.4 7.629 5.904 5.754 1.946 2.395 4.700 - -
G2 10.1 7.958 - 5.865 2.661 2.702 4.976 13.020 -4.02 
C3 9.3 7.315 5.442 5.669 1.753 2.209 4.791 8.182/6.572 -4.10 
A4 8.8 8.200 7.870 6.175 2.785 2.785 4.998 - -3.77 
T5 9.1 6.958 1.538 5.637 1.291 1.934 4.700 13.667 -4.21 
G6 10.0 7.234 - 5.834 1.972 2.094 4.815 12.440 -4.20 
G7 9.8 8.023 - 5.095 2.715 2.519 4.880 - -5.04 
A8 10.2 8.088 8.047 5.865 2.255 2.282 4.549 - -4.38 
A9 9.2 7.945 8.023 6.174 3.081 2.851 4.787 - -4.45 
CIO 9.6 7.575 5.857 4.822 2.043 2.132 4.723 8.301/7.076 -4.90 
A l l 9.5 8.097 7.659 5.810 2.597 2.655 5.016 - -3.18 
A12 9.8 8.110 7.900 5.842 2.673 2.673 5.010 - -3.88 
G13 9.9 7.771 - 5.846 2.577 2.671 4.976 12.632 -3,75 
C14 8.8 7.299 5.361 5.834 1.886 2.318 4.797 8.401/6.551 -4.05 
G15 8.4 7.926 - 6.149 2.604 2.363 4.666 - -3.87 
(to be continued) 
63 
(continued) 
Chemical Shift (ppm) 
3 J _ , A-H2/ G-NH/ 




CI 9.0 7.586 5.896 5.727 1.798 2.287 4.656 - -
G2 9.5 7.868 - 5.429 2.654 2.654 4.934 13.150 -3.96 
G3 9.9 7.716 - 5.335 2.427 2.427 4.937 12.769 -3.82 
A4 9.3 8.147 7.874 5.840 2.768 2.768 5.028 - -3.61 
A5 9.9 7.826 7.706 5.883 2.208 2.529 4.944 - -4.03 
G6 9.0 7.018 - 5.610 1.805 2.105 4.804 12.306 -4.14 
G7 10.4 7.970 - 5.012 2.641 2.448 4.837 - -4.94 
A8 9.7 8.053 8.035 5.867 2.258 2.258 4.565 - -4.28 
A9 9.7 8.045 8.041 6.260 3.064 2.931 4.824 - -4.38 
CIO 9.4 7.641 5.843 5.580 2.144 2.255 4.758 7.057 -4.88 
T i l 9.6 7.289 1.690 5.660 1.831 2.185 4.824 13.616 -3.74 
A12 9.6 8.268 8.160 6.273 2.912 2.879 5.028 - -3.66 
C13 8.6 7.346 5.422 5.812 1.948 2.337 4.749 8.106/6.610 -4.20 
C14 9.2 7.464 5.689 5.635 1.995 2.311 4.811 8.675/7.083 -3.99 
G15 8.5 7.950 - 6.155 2.638 2.386 4.680 - -3.76 
10.refA-A(GAC) 
CI 8.9 7.591 5.889 5.717 1.813 2.288 4.661 - -
G2 10.0 7.869 - 5.442 2.669 2.669 4.944 13.165 -3.95 
G3 9.4 7.746 - 5.256 2.518 2.518 4.970 12.784 -3.83 
A4 9.1 8.254 8.348 6.237 2.861 2.861 5.057 - -3.41 
C5 8.7 6.946 5.150 5.624 1.096 1.935 4.653 8.331/6.551 -4.19 
G6 10.1 7.167 - 5.817 1.984 2.153 4.818 12.600 -3.95 
G7 10.0 8.027 - 5.092 2.707 2.505 4.877 - -5.03 
A8 9.2 8.082 8.053 5.868 2.257 2.257 4.557 - -4.34 
A9 9.5 7.995 8.038 6.216 3.074 2.902 4.803 - -4.41 
CIO 9.7 7.547 5.825 5.056 2.012 2.145 4.719 8.430/7.036 -4.92 
G i l 8.6 7.812 - 5.182 2.545 2.545 4.960 12.819 -3.25 
A12 9.1 8.281 8.404 6.281 2.898 2.898 5.067 - -3.31 
C13 8.8 7.260 5.270 5.861 1.893 2.334 4.754 8.027/6.447 -4.21 
C14 9.0 7.465 5.670 5.615 2.019 2.316 4.823 8.668/7.081 -4.02 
G15 8.6 7.951 - 6.165 2.638 2.384 4.688 - -3.72 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
” m’H2’ A-H2/ G-NH/ 




CI 8.9 7.584 5.896 5.734 1.796 2.288 4.658 - -
G2 9.7 7.880 - 5.423 2.660 2.660 4.940 13.158 -3.95 
G3 10.0 7.728 - 5.398 2.422 2.468 4.948 12.763 -3.79 
A4 8.8 8.135 8.114 5.926 2.741 2.741 5.013 - -3.62 
G5 9.9 7.427 - 5.564 2.148 2.413 4.891 12.971 -4.02 
G6 10.0 7.056 - 5.697 1.798 2.113 4.816 12.478 -4.05 
G7 9.8 7.996 - 5.043 2.673 2.475 4.859 - -4.95 
A8 9.5 8.070 8.037 5.864 2.260 2.260 4.569 - -4.26 
A9 9.6 8.031 8.052 6.270 3.108 2.935 4.821 - -4.41 
CIO 10.1 7.626 5.844 5.531 2.223 2.223 4.756 8.209/6.895 -4.84 
C l l 8.9 7.413 5.711 5.623 1.756 2.144 4.813 8.523/6.915 -3.37 
A12 9.5 8.273 8.229 6.236 2.849 2.849 5.019 - -3.73 
C13 8.8 7.363 5.439 5.846 1.968 2.347 4.760 8.106/6.572 -4.16 
C14 9.2 7.470 5.698 5.630 1.999 2.314 4.815 8.668/7.084 -3.97 
G15 8.6 7.951 - 6.160 2.637 2.385 4.681 - -3.65 
12.refA-A(GAT) 
CI 8.7 7.578 5.871 5.715 1.807 2.295 4.661 - -
G2 10.3 7.876 - 5.424 2.660 2.682 4.945 13.109 -3.96 
G3 9.5 7.717 - 5.414 2.502 2.663 4.985 12.713 -3.83 
A4 8.7 8.216 8.218 6.205 2.863 2.863 5.045 - -3.64 
T5 9.0 6.829 1.317 5.710 1.152 1.867 4.698 13.735 -4.14 
G6 10.0 7.213 - 5.837 1.982 2.075 4.820 12.402 -4.30 
G7 10.1 8.017 - 5.085 2.714 2.517 4.882 - -5.09 
A8 10.2 8.084 8.036 5.849 2.285 2.238 4.544 - -4.41 
A9 9.8 7.928 8.011 6.161 2.842 3.073 4.779 - -4.45 
CIO 9.4 7.578 5.871 4.756 2.068 2.110 4.720 8.272/6.870 -4.94 
A l l 10.0 8.141 7.663 5.656 2.668 2.706 5.032 - -3.10 
A12 8.7 8.220 8.184 6.182 2.835 2.835 5.045 - -3.63 
C13 8.5 7.248 5.202 5.826 1.877 2.323 4.736 7.927/6.400 -4.34 
C14 9.3 7.453 5.656 5.602 2.010 2.312 4.815 8.607/7.002 -4.02 
G15 8.5 7.941 - 6.161 2.629 2.379 4.678 - -3.72 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
3 J _ ’ A-m/ G-NH/ 




CI 8.5 7.629 5.908 5.796 1.937 2.395 4.691 - -
G2 8.9 7.993 - 5.949 2.721 2.721 4.985 13.384 -3.97 
T3 9.4 7.222 1.563 5.882 1.855 2.151 4.777 13.384 -4.09 
A4 10.0 8.109 7.602 5.647 2.570 2.570 4.921 - -3.82 
A5 9.7 7.952 7.611 5.834 2.362 2.568 4.940 - -3.91 
G6 9.9 7.072 - 5.606 1.823 2.129 4.794 12.326 -4.19 
G7 9.8 7.962 - 5.043 2.636 2.449 4.844 - -4.90 
A8 9.8 8.055 8.029 5.869 2.277 2.277 4.583 - -4.23 
A9 9.5 8.071 8.035 6.267 3.043 2.919 4.836 - -4.38 
CIO 8.7 7.637 5.844 5.630 2.133 2.308 4.751 8.221/7.074 -4.74 
T i l 8.9 7.320 1.686 5.866 1.944 2.202 4.806 13.49 -3.95 
A12 8.8 8.147 7.596 5.663 2.645 2.645 4.950 - -3.88 
A13 9.5 8.231 7.673 6.118 2.714 2.800 5.014 - -3.86 
C14 8.9 7.259 5.346 5.638 1.813 2.251 4.740 8.253/6.735 -4.15 
G15 8.5 7.892 - 6.130 2.594 2.357 4.651 - -3.85 
14.refA-A(TAC) 
CI 8.4 7.650 5.915 5.764 2.013 2.421 4.705 - -
G2 9.3 7.996 - 5.973 2.687 2.762 4.984 12.819 -3.97 
T3 9.2 7.172 1.512 5.612 1.713 2.122 4.814 13.419 -4.35 
A4 9.3 8.253 8.218 6.226 2.868 2.868 5.026 - -3.75 
C5 9.0 7.014 5.277 5.570 1.150 1.961 4.648 8.375/6.674 -4.04 
G6 9.9 7.175 - 5.812 1.965 2.157 4.814 12.601 -4.20 
G7 10.0 8.025 - 5.091 2.703 2.503 4.874 - -5.03 
A8 9.3 8.080 8.055 5.870 2.263 2.263 4.556 - -4.35 
A9 9.5 7.994 8.041 6.214 3.077 2.901 4.802 - -4.43 
CIO 9.8 7.538 5.829 5.060 1.996 2.144 4.716 8.413/7.044 -4.04 
G i l 9.1 7.793 - 5.225 2.495 2.495 4.942 12.819 -3.26 
A12 8.6 8.200 7.934 5.878 2.864 2.864 5.063 - -3.48 
A13 9.5 8.126 7.733 6.135 2.617 2.803 5.021 - -4.19 
C14 9.0 7.219 5.295 5.618 1.813 2.260 4.750 8.258/6.674 -4.10 
G15 8.4 7.877 - 6.117 2.568 2.344 4.640 - -3.89 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
3JHI,H2’ A-H2/ G-NH/ 




CI 8.5 7.628 5.906 5.787 1.956 2.402 4.694 - -
G2 9.2 7.997 - 5.953 2.721 2.721 4.982 12.785 -3.96 
T3 8.5 7.221 1.552 5.936 1.935 2.199 4.780 13.445 -4,11 
A4 9.4 8.090 7.696 5.705 2.538 2.538 4.895 - -3.78 
G5 9.9 7.625 - 5.498 2.364 2.492 4.901 12.848 -3.83 
G6 10.2 7.072 - 5.711 1.768 2.130 4.791 12.499 -4.07 
G7 10.2 7.996 - 5.057 2.676 2.480 4.865 - -4.94 
A8 9.0 8.072 8.040 5.878 2.269 2.269 4.579 - -4.27 
A9 9.9 8.055 8.066 6.286 3.118 2.946 4.825 - -4.43 
CIO 9.5 7.611 5.848 5.551 2.194 2.287 4.765 - -4.79 
C l l 8.5 7.455 5.700 5.863 1.940 2.166 4.786 8.360/6.905 -3.45 
A12 8.6 8.154 7.574 5.568 2.613 2.613 4.933 - -3.87 
A13 9.7 8.257 7.686 6.140 2.744 2.820 5.023 - -4.11 
C14 8.9 7.257 5.347 5.627 1.824 2.253 4.747 - -4.20 
G15 8.4 7.897 - 6.140 2.595 2.365 4.654 - -3.81 
16.refA-A(TAT) 
CI 8.5 7.649 5.908 5.774 2.005 2.425 4.699 - -
G2 9.9 7.985 - 5.976 2.678 2.770 4.980 12.807 -3.98 
T3 9.4 7.142 1.504 5.754 1.787 2.310 4.828 13.413 -4.10 
A4 8.5 8.171 7.967 6.166 2.828 2.828 5.010 - -3.94 
T5 8.4 6.939 1.448 5.680 1.287 1.927 4.718 13.721 -4.27 
G6 10.2 7.240 - 5.827 1.981 2.097 4.816 12.408 -4.23 
G7 10.1 8.015 - 5.094 2.707 2.514 4.878 - -5.03 
A8 9.9 8.085 8.034 5.857 2.260 2.296 4.555 - -4.38 
A9 9.0 7.942 8.006 6.165 3.066 2.843 4.788 - -4.45 
CIO 9.6 7.562 5.850 4.816 2.027 2.113 4.716 8.282/7.039 -4.89 
Ti l 9.4 8.121 7.618 5.707 2.651 2.651 5.007 - -3.19 
A12 8.6 8.127 7.701 5.810 2.737 2.737 5.036 - -3.83 
A13 9.1 8.122 7.681 6.115 2.615 2.778 5.009 - -3.93 
C14 9.0 7.225 5.289 5.622 1.820 2.258 4.745 8.198/6.651 -4.37 
G15 8.6 7.874 - 6.120 2.571 2.350 4.641 - -3.88 
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Appendix IX: NOE Sequential Assignment of refT A(XTY) 
-(A) Aromatic Protons at 25。C; (B) Labile 
Protons at 25。C. 
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8 4 8.2 « •。二洲7 .4 7.2 ppm 8.4 8.2 8.0 二 ： 7.2 ppm 
: j L ^ … “ ‘丄--, ： j i m I . I 
.. .... _ r r r f • - ~ ^ 5-I" - . ' j ! 叶 ” •「•-•"•— 
•• • V ''jU Ir 6 CU . 
室 \7V- . i 6- . 
o 0 : — ： • 、 6 •‘ 
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(continued) 
5. refT-A(CTA) 6. refT-A(CTC) 
1 8 3 « » » i 1 2 J 4 S « JL 
5 - C G C T A G ° , 5 ' - C G C T C G ° 
⑷ A.H2/A9H2 3 .-GCGATCaA 3.-GCGAGCaA 
(A) I 15 14 13 12 t| to a IS U 13 12 11 10 q —P, C1C19 A12H2 (A) A8H2 «H2 G13 
ppm r \iT i l r i n ^ t pp. « - l i i 
5.0- . M - ： ‘ 5.oJ '> . 。 
‘ 
U> ‘ IT • ‘ <«» 
§5.5- H — h .V。 C6 £ 5 5 . • • 
g • 6 r o p . 
6.0- ^ 6 . 0 - 吓 ~ _ _ 
, • , , , V Jo. I 、 T . 
8.4 8.2 8.0 7.2 ppm 8 2 s l l ' 8 ^ 7：9 7：8 7：7 7：6 7：5 7：4 7：3 p p J 
A-H2/H6/H8 
！ i n c c f • ： II 
’ — 一 , 命 . ； I , — Z . I ， . . 
1 8: = ^^^^^^。 I 8- ‘ ~ 
3 ： ， g '"••T -；：！；!!^ …於::’?：：：^  If.™…..-4 
14 ppm 8.0 7.5 7.0 ppm 9 1.”,i i I i • “ ‘ ‘ r^ 
NH C-NH41 A-H2 14 ^^ ppm 。8“5關 8.0 ^ 7.0^  
7. refT-A(CTG) 8. refT-A(CTT) 
5 . -⑶ +地 £ 戀 ii^t， 
(A) 01VA12H2 3'-GCG ACC^  /A\ .,„, 15 14 13 ,2,Mot 
PP. T l f i W^U fi V _ T ^ k 倫 
S-O- . frfdr ： * . > • ； ‘ ： 
5.0- . 
* H g 7 
=5.5- ClOf——Tc T4 I . »• ^ 
£ . . r t i f i "C14 E ： 1 ., r — — — r y ^ ' 
、“，CIS: “ 6.0 J 
j 
J I ~ ~ • ~ ~ I ~ • ~ I ~ • ~ I ~ ‘ ~ I j~‘~I~—^‘~T~•~I•~I~‘~I~•~ 
8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 
A-H2/H6/H8 A-H2/H6/H8 
似01J 
(B) a^ / (B) ， 013 A12 
ppm Y i n ppm y 。 f n 」 • I J I j ^ I ^ ^ ^ ^ ^ 
• . • _ i^ r^nrntei^ mafaamsamaBatssi : M. f »• | •梦鸾crm^ t i •爭__, at \ ii".n,-• i.TMSW ？ S- C ” . .， . . _ _ „ ？ 5- cw .；^  ' ^ 
6 〒 Tgr--—rf"' , J] S rea-. ^ 
I 6- 努 6- . EToi^^-c-H~ 
i 3 二 ; # ^ : l 』 i — 
9 “ 'I"*""" .--w-p*— 9 .4,„1„„„»^.7,，,，’外，,...，•-»•..i-i..…广">"---—"-，--1--»"-,-."«".，-—1 
14 ppm 8.5 6.0 7.5 7.0 ppm 14 ppm 6.0 7.5 7.0 ppm 
NH C-NH41 A-H2 C-NH^ NH C-NH41 A-H2 C-NH42 
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(continued) 
9. refT-A(GTA) 10. refT-A(GTC) 
, 1 2 3 4 S 6 ' 
C. ccciTAr^ 5 . - C G G T C g G 5-CGGTAG、 广广产 Ann A® 41 r^  r\ r> a T fs A® 3 - G C C AG C A 3_- G C C A T C A / A \ WW ,4 IS 1211 ,。• 
15 M 13 12 11 10 9 \A8H2 > A12H2 
( A ) : 輪 助 T H ^ . . p p 、 1 德 T 、 f 
5 . 。 - . . f t o ? • ‘ . . . . . ^ ^ 
t 
6.0- J " " " , 1 
^ _ _ _ . : 丨 ? , . I I I I 
, , , _ , . I I 8.4 8.2 8.0 7.8 7.6 7.4 ppm 
8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm A-H2/H6/H8 
A-H2/H6/H8 (B) 
(B) T4/r„ ~ o. ppm J L j t 
p p m — . 妥 一 ， .「•• ^ 几 
空 卜 如 • . 卜 I ‘！ 6 C 4 ； , ^ 丨丨I 
6 C14 ‘ eif , . f Q! 6_ p r r r T " * ； ? 
i . ； ： ； 自 一 1 ‘ 工 • 墨 」 
秀 I - r ^ ' ： , 9-1 II丨丨 , .…I….丨…_ I丨… I _ I 
“ „ , 14 ppm 8.5 8.0 7.5 7.0 p p m 
9 1 I . . I . .. .•丨 I . I NH 叩 C-NH41 A-H2 C-Nrf»5 
14 nhPP" A/HI 7.0。N郝m 
11. refT-A(GAG) 12. refT-A(GTT) 
, 1 2 3 < 5 « I 
5 - C G G T G G ^ B 3> G C C A A C 
(A) J (A) 管 ： f 
ppm T_ 琴 - 金 7 ri ppm • t A \ il r,〈 I n 
5.0- • . •； .. rr “ I ； 
5.0- • I • • 
• ‘ Hq7 .. 
• 參 * t « See 02 CIO C11 ！£ 
『 - r & ,丨 J - .. _ _ 
5 — ； ~ < 0 6 S C - ： _ r CITS 
fin A8； . C13 U ；V- ' s i ~ T 
6.0- . I fe—f- i 6.0- A8 y ^ 
. M _ _ . < . 〜 ； , _ _ _ ' i 
*A9 A12 ^ . ‘ I ‘ I ‘ I 1 1 1 1 ‘ I ‘ I ‘ I ‘ I ‘ 
8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 
A.H2/H6/H8 A-H2/H6/H8 
: L j f l l . . i i T . . … . : 。 肚 • . n j U u V f ^ ^ . ^ 
¥ 5- •• • ^ . • $ 5- . • • 「 ’ • • 
5 C.11 ——r 6 : • � ： . | n = 二 ^ ^ f 
CM C14 — is • CM , 4 ^―'~, 
s 6- i f 、 • 7 5 6- C10 • .• , ••. 
丨删 _卿 
9 L 1 • • • • I • • • • I • • . I • • • • 1 - I 9 ' — I - • • • I • • ' • r • • • • I • . • , • I 
14 p p m 8.5 8.0 7.5 7.0 p p m 14 p p m 8.5 8.0 7.5 7.0 p p m 
NH C-NH41 A-H2 C - N f / i S NH C-NH41 A-H2 C-NhK2 
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(continued) 
13. refT A(TTA) 14. refT.A(TTC) 
(A) ， 腦 (A) ： “ 3 • • 二 二 々 A 
p p - 义 ppm 7 m A h s ^ 
5.0- . t ' H o T ‘ 5.0- . . fcio " ‘ 
• G7 
• tf • a 
r y -^ Tll C14 G« X5.5_ C5C14 
6.0- A l T ^ ^ a E I Z Z Z ： ~ ~ ‘ ~ I E ； ~ 6 . 0 -八 G2 1 
*i3 • G15> “ A)3 O UIS ‘ •冬3' 
% . A9 ‘ I ‘ I ‘ I ‘ I ‘ I ‘ I 1 1 1 1 1 ‘ 1 1 
8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.2 8.0 7.8 7.6 7.4 7.2 ppm 
A-H2/H6/H8 A-H2/H6/H8 
p p m J £ I L L ( p p m T J L 
ciol • 一"r^- 舌 \ 7 •: 
2 6- . [ ! ； . . ' ' I 6 . p T T T ^ r r — 
A I I ‘ » . A • I < * _ ‘’ 
“7- , _,,_； •，办 d 7: • •分 
i. - y n I j : 亏 舉 」 
9 • ‘ I I I I 9 '"••I I I ^  ' • I • ' ' ' I ' • • • I • • 1 • • • I • * 
15. refT-A(TTG) 16. refT-A(TTT) 
12 3 4 5 6^ 
, 5_-CGTTTGG 
S-CGTTGGG . 3.-GCAAACAA 
At ^ ^ . . ^ ^ A* 15 14 13 12 II 10 0 
/A\ AeH2 3'-GCA ACCA^  A8H2 ® 
幻恥。， ‘ ， “ “ “ ” ‘。“ ( ) A13站 ®A9H2 A13H2 ^^  
"i M A • ； ‘ 
5.0- . - M L • i ~ ‘ ^ C 1 。 • 
• ' 07 • { •‘ • ‘ 
5.0- . •“ . 
• ^ * 
« ^ ‘ , , . 
^5.5- r C10^i ^ C.14 
^ _ 科： , .. <is.5- • C14 
5 «r fri B6 J： c^  i frs 
6.0- , 6.0- ai -1.02 
A13 oisT AH ‘ >61 i . — . 1 
A8« , , A9 T4 
I‘~I~‘~I‘I~,~I”‘I~‘~I 1 1 1 1 1 1 
8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 8.4 8.2 8.0 7.8 7.6 7.4 7.2 ppm 
A-H2/H6/H8 A-H2ffl6/H8 
(B) °fT« I丨 (B) T4" 02? 丨1 , *， 
ppm pp"^  Jf lL-IL 
呈 6- : , r 5 ； •••• r r 
丨 醒 ： 
9 丄 ” 1 1 丨• • I …I •~• • I …• I …• r. I 9 -T-•”"“ r 一 " 門 . 丁 〜 〜 ‘ 1 ’ -
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Appendix X: Hr-H2，/H2，，Region of DQF-COSY Spectra 
of refT A(XTY) at 25。C 
1. refT A(ATA) 2. refT-A(ATC) 
ppm ^ rrrrrn~i ppm j « ,,，,,,’“ 
06 s'-cgataqQ., . y 5-cgatcqQ , 
CI flri 3'.QCTATC/ 3'.GCTAQC/' 
T13 ‘ »»M I> it 1110 , II U I) It 1110 V 
I： I i f : ! 。 r : , t i I 
i ‘ I ‘ I ‘ I ‘ I ‘—>—‘—I • I—I j—®t—‘—I—‘—I—•—J—‘—I—‘—I—‘—I— 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HI. HV 
3. refT.A(ATG) 4. refT-A(ATAT) 
ppm 1 > 3 « I ppm J ZtI I 2 s 4 ft •' 
G6 5'-CQAT0QQ , 卜卜 W^ S'.CGATTQQ , 
tt Ti 3-QCT ACCA 3'-GCT AACA 
'» U t> 12 M10 , 1ft 14 n IIII10 V 
'。- Tsf fc . • 2.0- ？ f l fc " 
i . - A “ • f ' ： i F F . 
f I ^ " ^ f f i fe 
3.。- j . . 3.0- i i | S “ 
丨 ‘ ~ ‘ ~ ‘ ~I ‘ I—‘~I • 1~^  ~‘~I • I~‘~I~‘~I ‘ I~ ‘~ I~ ‘ I~* 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HI' HV 
5. refT-A(CTA) 6. refT-A(CTC) 
p p m . C14 f^QA ,•，《••! p p m I t t 9 4 ft • i 
fi s'.cqctaqQ , 冲 C5 5-cgctcqQ , 
CI" 3.-<3CGATCA . 15- m 3-GCGAGCA 
2 0- C3 • T4 t» 1« 13 II iiwV u U I) 12II ID 7 
8 “ • f C14 
2.2- « I 
9 1' ="1 2.0- tiC3 1 ,, CIO 
* I： L In. T . I = 
3。- i ' 3.。_ 
3.2 H I I 1 1‘~I•~I~‘~I~I j~‘~I~•~1•~I~•~I~‘I~‘I•1~ 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HI. HV 
7. refT-A(CTG) 8. refr-A(CTT) 
ppm ci jg S'.cqctgqQ ppm fs S'-CGCTIGQ., 
C3 d ' T4 3、GCGACC 广 1.5” ,)' ti S-GCGAAC/ 
2.0" I I jV • Cll u 1411 I11110, II14 ij II idv 
3.0-1 ..产 
~ ‘ I ‘ I~‘~I ‘ I I ~ ‘ ~ I ~ ‘ ~ I ~ ‘ ~ I ‘ ~ I ‘ ~ I “ ‘ I 1~ 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HI' HI. 
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(cont inued) 
9. refT-A(GTA) 10. refT-A(GTC) 
ppm 7T777TII ppm J rTTTTTJ~ 
oe 5*-CQQTAQ®. C5 S'-CGGTCQQ ,‘ CI m 3'.QCC ATC/ 1.5- B 3'.GCC AGCA 
Cisfl X “,, ”访• I “ “ «M w I 
2.0- a m^ tcu CI 
TIlTfi?® mJD C14 
卜 J i I L - I , ？！“ 
s f • s考 1 。”f y 
3.。- T 3.0- ^ 
, ‘ ‘ ‘ ‘ I ‘ I ‘—I—‘—l—‘ "I—•—I—‘—I—“—I—•—I—‘—I • I—‘—I—^  
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HI. H1_ 
11 • refT-A(GTG) 12. refT_A(GTT) 
PP'" j • t 9« • •' I ppm J rTTTTTJ“ 
5-cqqtqqQ rr s'.cgqttgQ , 
cm 3 ' - Q C C A C C a T5 3 . - G C C A A C a 
c 13 jiff 鲁 M ” «»” 10, 
2.0- I T'tcii 
I V im- ” 广 f f T 
朽， ： f 1 • 奢 丨 
1 ‘ 1 1 1 - I I I I I — • — I — ^ — • — I — ‘ — I — ‘ — I ‘ I — ‘ — I I -
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5,4 5.2 ppm 
HI. HV 
13. refT-A(TTA) 14. relT-A(TTC) 
ppm j I 7777771 ~ I ppm ] TTTTTTl~ 
C14 5'-CQTTAQQ., 5'-CGTTCQQ 
O^ft 3'-0CA ATC* CS 3_.GCAAGCa 
c , t " ^ … ’ • • 1.5- 罕 ，"‘'‘•• 
2 0- TJ % i , W C14 
8 ^ " B GB 零 
^ 。i A , t n l f " ,, .2.。- 备 1 
2.5- U I i 。 f S ” 
30- i 3.0- I 
•~I 1 1~•~ I~ •~ I I ~ ‘ ~ I ~ I 1 ~ • ~ 1 ~ ‘ ~ I ~ ‘ I ~ ‘ ~ I • I ~ ‘ ~ I ~ ‘ ~ I ~ 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5,2 ppm 
Ml. HV 
15. refT A(TTG) 16. relT-A(TTT) 
ppm rrTTTn ppm • • > < • 
O, c,4 s-cottqqQ.. s ' .cqtt tqG 
» 3-QCAACc/' T5 3.-GCAAACAA 
T4f ” C11 , ' " ’ ’ " ’ “ 1 . 5 - ,平 
20- TJ. | 9 。,。• C14 
。1 i J o i ^ l J .2.0- U • 
卜 r V"：、i丨 
3.0- J - 3.0- ^ 供 • 
1 1 1 I 1 1~‘~I~^ j 1 r—^  1 1 1 1 
6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 6.4 6.2 6.0 5.8 5.6 5.4 5.2 ppm 
HI. HI. 
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Appendix XI: H3，region of ^ H-^ P^ HSQC Spectra of 
refr A(XTY) at 25。C 
1. refT-A(ATA) 2. refT-A(ATC) 
ToJ «-coi i ioo^. l PPm^  ^ . i a i f c o i l 
II «< u tt mo , , II U .1 12 I110 , 
. - A6 
- 4 . 5 - A 
-4.5- V " ® 
07 实 ： 迎 . & 气 1 
S T y r w ^ T13C14 ® 




- 3 . 5 •• " " - n " r — i r - ™ ™ - 3 . 0 丄… i , i — r - r — r — 
5.1 5.0 4.9 4.8 4.7 4.6 p p m 5.1 5.0 4.9 4.8 4.7 4.6 p p m 
H3' H3. 
3. refT-A(ATG) 4. refT-A(ATAT) 
PP巾"1 i “…碑.1 PPmJ • . “叫•! 
A » ' 3 - Q C T A C C A * * 3 ' - G C T A A C . * 
” ” ” “ “ I <1» II |> II107 
A12 M -4.5- 07 . ： 
'•P-4.0- 22 ^ a - gj . 品 . 
让 C14 C14 ^ 
；0 -3.5- . • ‘ 
• S5J 
— 3 . 0 ” 一 3 Q .. ,,,-,J,R»TTI ... . J - . . v . .T.-J .-.-I R» » T J*V»-.-RTRIRI F.-.-T-R » T-J IR. .-T^  
5.1 5 .0 4 .9 4 .8 4 .7 4 .6 p p m 5.1 5.0 4.9 4.8 4 .7 p p m 
H3. H3' 
5. refT-A(CTA) 6. refT-A(CTC) 
J I s'-iai^ ioo .^l ppm r .---.....-飞:冗《:. 
3 . - G C G A T C / * S ' - G C G A G C / ' 
•» ” I) II ”》o • 1) u IS It II ley 
G7 CS 头 
-4.5- ^ A12 场 
“ “ • ® " P - 4 . 0 - ^ ^ ^ 
o Ji c, 
-4.0- 011 U, SJi."^  
« 这 -3.5-
- 3 . 5 - 3 . 0 - U ^ ” — 們 ,，… 
5 .1 5 .0 4 .9 4 .8 4 .7 p p m 5.1 5.0 4.9 4 .8 4 .7 p p m 
H3' H3' 
7_ refT A(CTG) 8. refT-A(CTT) 
ppm ] • T T T T T T J | ppm ] ^ TTTTTTI 
- G6 5 ' . C Q C T Q Q G - • A9 S . C G C T T G G “ 
言A9 3 ,-QCG A C C a 3_-GCG A A C 广 
19 u I) It n to I 181* o 1} I110 V 
- 4 . 5 - AS 普 ^ 
公 02 •«=» 级 2 CI 
, , T4 CI " P _ 4 n - A " to CM O "P-4.0- 013 ^ 。 -
O C11 o 
-3.5-
-3.0 T I 丨……•丨I , 丨 
- 3 . 0 1.1 .•! I I , 丨 1 5.1 5.0 4.9 4.8 4.7 4.6 p p m 
5 . 1 5 . 0 4 . 9 4 . 8 4 . 7 4 . 6 p p m 
H3_ 
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(continued) 
9. relT-A(GTA) 10. refT-A(GTC) 
3.GCCATC/ 么9 a-GCCAGc/ 
” tl « II 10 • l» 14 » » 11 10 V 
. _ A0 
• G3 Q- • 
A. M2 • C5 
1 • 。 〜 . 0 - " ° ” - C 广 品 
O ^ • G2 C14 
-4.0- S ° & . . 
« aios -3-s-
^ C10 o 
•3.5 I I I 丨 I I -3.0-| 丨 I一…...I 'I I 
5 . 1 5 . 0 4 . 9 4 . 8 4 . 7 p p m 5 . 1 5 . 0 4 . 9 4 . 8 4 . 7 p p m 
H 3 ' H 3 ' 
11. refT-A(GTG) 12. refT-A(GTT) 
ppm ] ~ 1 t > « » I ppm ] « • > ) 4 . . ' . 
- S! 5'.CQQTGQQ . - ® A9 5'-CQGTTQG / 
• a'.QCC ACCa ® 3_.GCCAACA 
M II 14 1) t| II to , tt U IS II II 10 _ 
•^ •S- O, or 总 -4.5- 03 g „ ^ 
"p_4 0_ S 麵 cu CI ..p . . a ^ 总 3 CI 
Cll —» O P - 4.0. ^ c» . 
02 ^ ^ g CM 
一 3 . 5 - CIO - 3 . 5 -
C10 
O 
•>3.0 - ，》•»•».'•»•.-. • I » • 譯 I I • I . |I,.I,I, , , , — • • »»••••.{•••»•»•*»，••.，.• j t-« »r»»-« t j vr»»-«-f.-» vitti i-i r»TT-j 1 i-rr** 
5 .1 5 . 0 4 . 9 4 . 8 4 . 7 p p m 5.1 5 . 0 4 . 9 4 . 8 4 . 7 p p m 
H 3 ' H 3 . 
13. refT A(TTA) 14. relT-A(TTC) 
ppm TTTTTT* I ppm I ce 
. s o - oe s ' - c o t t a q Q . - • m 5 ' . c q t t c q « , 
M O 3 ' - Q C A A T C / • 3 _ - G C A A G C A A 
^ I114 u M H)*i II14 13 12 11 i e , 
一 .5- O 
-4.5- AU ® 




-3.5 !" r-"""-" 'I -3.0 • i i * 
5 . 1 5 . 0 4 . 9 4 . 8 4 . 7 p p m 5 . 1 5 . 0 4 . 9 4 . 8 4 . 7 p p m 
H3_ H 3 ' 
15. refT-A(TTG) 16. refT-A(TTT) 
Z“…地I PPmJ . A, s-coirlGO .^ 
SA9 3'-QCAACC/ • 3_-GCAAAC 广 
1ft u (J ISM to 7 1 _» “ '0 t 
- a "P-4.0- O 躲 c 彳;C1 
< • 
-3.5- • • -3.5- • • ‘ 
. . . ‘ . 
- 3 . 0 丨 I ]••• 丨 1 - 3 . 0 丨 .， "1 “ … 1 
5 . 1 5 . 0 4 . 9 4 . 8 4 . 7 p p m 5 . 1 5 . 0 4 . 9 4 . 8 4 . 7 p p m 
H 3 ' H 3 ' 
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Appendix XII: J^HrH2', ^ H and ^^ P Chemical Shifts of 
r e f r A ( X T Y ) a ， b 
Chemical Shift (ppm) 
3JHI’H2, A-H2/ G-NH/ 




CI 8.4 7.615 5.896 5.724 1.990 2.382 4.694 - -
G2 10.1 7.969 - 5.557 2.739 2.820 5.008 12.854 -3.99 
A3 9.7 8.269 7.807 6.276 2.697 2.957 5.059 - -3.95 
T4 9.4 7.132 1.444 5.572 1.932 2.261 4.835 13.468 -4.32 
A5 9.5 7.976 7.468 5.977 2.377 2.645 4.969 - -4.13 
G6 10.2 6.988 - 5.608 1.788 2.115 4.816 12.355 -4.17 
G7 10.1 7.978 - 4.998 2.645 2.441 4.835 - -4.95 
A8 8.7 8.048 - 5.870 2.253 2.253 4.561 - -4.27 
A9 10.0 8.052 - 6.271 3.055 2.953 4.827 - -4.37 
CIO 9.6 7.655 5.841 5.555 2.163 2.317 4.764 8.252/7.000 -4.92 
Ti l 10.1 7.409 1.661 5.712 2.273 2.559 4.924 13.529 -3.82 
A12 9.2 8.390 7.395 6.318 2.734 2.965 5.040 - -3.95 
T13 9.4 7.210 1.458 5.910 2.009 2.409 4.832 13.560 -4.34 
C14 8.4 7.465 5.676 5.701 2.000 2.366 4.822 8.577/7.035 -4.11 
G15 8.6 7.932 - 6.149 2.596 2.366 4.669 - -3.80 
2.refT-A(ATC) 
CI 8.3 7.617 5.902 5.734 1.899 2.387 4.698 - -
G2 9.9 7.972 - 5.578 2.748 2.833 5.014 12.864 -3.98 
A3 9.6 8.265 7.880 6.313 2.700 2.984 5.041 - -3.95 
T4 9.9 7.158 1.358 5.916 2.032 2.467 4.856 13.635 -4.32 
C5 8.3 7.207 5.545 5.747 1.470 2.110 4.740 8.539/6.818 -4.12 
G6 9.8 7.210 - 5.811 1.908 2.139 4.816 12.607 -4.18 
G7 10.2 8.032 - 5.074 2.715 2.511 4.883 - -5.02 
A8 9.8 8.088 - 5.867 2.260 2.260 4.557 - -4.32 
A9 9.9 7.969 - 6.216 3.123 2.893 4.796 - -4.46 
CIO 10.1 7.595 5.816 4.992 2.160 2.247 4.770 8.416/6.920 -4.89 
G i l 10.2 7.901 - 5.732 2.760 2.854 5.059 12.721 -3.10 
A12 9.7 8.238 7.831 6.290 2.854 2.964 5.041 - -4.15 
T13 9.5 7.166 1.399 5.924 2.000 2.422 4.842 13.627 -4.32 
C14 8.8 7.466 5.664 5.734 2.002 2.377 4.828 8.578/7.020 -3.81 
G15 8.4 7.942 - 6.165 2.607 2.371 4.676 - -3.81 
a Labile proton (G-NH, T-NH, C-NH41, C-NH42) chemical shifts were measured at 15 °C. Other 
proton and phosphorus chemical shifts were measured at 25 °C. 
b The estimated measurement uncertainty of ^ Jhi'H2' was 士 0.3 Hz. 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
3Jhi’H2’ A-H2/ G-NH/ 




CI 8.5 7.624 5.906 5.726 1.909 2.391 4.700 - -
G2 10.2 7.979 - 5.545 2.744 2.828 5.009 12.876 -3.82 
A3 9.7 8.279 7.852 6.290 2.699 2.956 5.055 - -3.97 
T4 8.9 7.076 1.404 5.659 1.878 2.213 4.820 13.716 -4.33 
G5 10.1 7.591 - 5.634 2.351 2.515 4.918 12.901 -4.14 
G6 10.1 7.060 - 5.705 1.787 2.120 4.814 12.491 -4.04 
G7 10.1 8.004 - 5.026 2.680 2.475 4.860 - -4.94 
A8 9.5 8.069 - 5.874 2.260 2.260 4.566 - -4.28 
A9 10.3 8.028 - 6.276 3.110 2.949 4.818 - -4.40 
CIO 8.3 7.650 5.842 5.536 2.249 2.249 4.779 8.230/6.913 -4.87 
C l l 9.8 7.524 5.685 5.612 2.192 2.493 4.900 8.592/6.794 -3.37 
A12 9.6 8.391 7.719 6.321 2.775 2.983 5.051 - -3.82 
T13 9.5 7.206 1.491 5.925 2.008 2.413 4.844 13.578 -4.37 
C14 8.7 7.472 5.685 5.705 2.009 2.371 4.817 8.592/7.053 -4.11 
G15 8.6 7.936 - 6.157 2.599 2.367 4.670 - -3.79 
4.refT-A(ATT) 
CI 8.3 7.618 5.899 5.722 1.894 2.390 4.695 - -
G2 10.0 7.976 - 5.582 2.748 2.844 5.015 12.838 -3.98 
A3 9.8 8.277 7.845 6.322 2.736 2.992 5.064 - -4.04 
T4 9.4 7.189 1.359 5.954 1.973 2.528 4.860 13.696 -4.36 
T5 8.7 7.067 1.634 5.792 1.436 2.003 4.779 14.101 -4.26 
G6 10.2 7.249 - 5.850 1.953 2.067 4.822 12.371 -4.26 
G7 10.1 8.022 - 5.076 2.720 2.522 4.885 - -5.06 
A8 9.9 8.087 - 5.853 2.288 2.233 4.547 - -4.39 
A9 9.9 7.935 - 6.164 3.090 2.857 4.779 - -4.45 
CIO 9.7 7.600 5.848 4.746 2.137 2.199 4.760 8.313/6.877 -4.92 
A l l 9.8 8.288 7.360 5.933 2.871 2.929 5.102 - -3.09 
A12 9.4 8.238 7.715 6.257 2.624 2.935 5.034 - -4.04 
T13 9.5 7.141 1.395 5.883 1.979 2.404 4.833 13.614 -4.32 
C14 8.7 7.458 5.648 5.733 2.002 2.370 4.811 8.546/6.997 -4.14 
G15 8.5 7.935 - 6.164 2.601 2.367 4.674 - -3.82 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
3JHI’H2, A-H2/ G-NH/ 
(Hz) H6/H8 C-H5/ HI， H2' H2" H3' J：^^/,, 3ip 
ry un C-NH41/ 
C-NH42 
5.refT-A(CTA) 
CI 8.4 7.655 5.927 5.787 2.009 2.444 4.722 - . 
G2 9.9 7.993 - 5.955 2.761 2.761 4.999 13.054 -4.02 
C3 8.3 7.464 5.402 5.991 2.075 2.496 4.791 8.291/6.628 -4.11 
T4 9.2 7.388 1.687 5.552 2.066 2.327 4.854 13.942 -4.28 
A5 9.5 8.047 7.566 5.987 2.444 2.668 4.986 - -4.11 
G6 9.9 7.027 - 5.618 1.821 2.119 4.822 12.363 -4.17 
G7 10.4 7.993 - 5.002 2.660 2.450 4.839 - -4.97 
A8 9.5 8.058 - 5.879 2.257 2.257 4.562 - -4.30 
A9 9.7 8.050 - 6.270 3.068 2.950 4.826 - -4.37 
CIO 8.5 7.662 5.854 5.556 2.166 2.288 4.760 8.306/7.029 -4.92 
Ti l 9.3 7.394 1.672 5.578 2.174 2.448 4.896 13.745 -3.80 
A12 9.6 8.237 7.447 6.074 2.785 2.923 5.068 - -3.96 
G13 9.9 7.705 - 5.689 2.503 2.602 4.963 12.783 -4.16 
C14 8.4 7.284 5.348 5.743 1.857 2.318 4.774 8.377/6.552 -3.89 
G15 9.0 7.922 - 6.150 2.593 2.358 4.657 - -3.96 
6.refTA(CTC) 
CI 8.6 7.641 5.917 5.791 1.981 2.439 4.718 - -
G2 9.9 7.992 - 5.952 2.751 2.751 5.000 13.080 -4.01 
C3 8.3 7.483 5.407 6.006 2.138 2.551 4.749 8.225/6.648 -4.03 
T4 9.7 7.463 1.626 6.061 2.184 2.542 4.884 13.958 -4.11 
C5 8.6 7.259 5.657 5.701 1.517 2.105 4.748 8.671/7.015 -4.18 
G6 9.3 7.224 - 5.817 1.944 2.153 4.823 12.650 -4.34 
G7 9.8 8.038 - 5.083 2.716 2.511 4.882 - -5.03 
A8 9.6 8.092 - 5.881 2.262 2.262 4.561 - -4.33 
A9 10.0 7.981 - 6.223 3.129 2.905 4.799 - -4.46 
CIO 9.8 7.598 5.835 5.002 2.134 2.226 4.774 8.458/6.960 -4.89 
G i l 10.0 7.894 - 5.560 2.729 2.819 5.040 12.863 -3.10 
A12 9.8 8.130 7.718 6.101 2.712 2.933 5.078 - -4.11 
G13 10.0 7.647 - 5.707 2.465 2.607 4.961 12.894 -4.19 
CM 8.3 7.273 5.319 5.752 1.858 2.319 4.785 8.387/6.536 -3.94 
G15 8.5 7.929 - 6.165 2.608 2.366 4.664 - -3.94 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
3Jm’H2’ A-H2/ G-NH/ 




CI 8.4 7.662 5.928 5.788 2.016 2.452 4.726 - -
G2 9.7 8.002 - 5.961 2.743 2.743 5.000 13.053 -4.03 
C3 8.4 7.473 5.412 6.030 2.057 2.493 4.817 8.276/6.637 -4.14 
T4 8.5 7.334 1.656 5.590 2.019 2.267 4.827 14.266 -4.27 
G5 9.8 7.647 - 5.674 2.421 2.549 4.935 13.120 -4.03 
G6 10.3 7.094 - 5.707 1.839 2.127 4.826 12.522 -4.07 
G7 10.0 8.016 - 5.033 2.690 2.482 4.862 - -4.96 
A8 9.6 8.077 - 5.883 2.264 2.264 4.568 - -4.29 
A9 9.8 8.024 - 6.272 3.122 2.940 4.817 - -4.42 
CIO 8.8 7.655 5.852 5.521 2.226 2.226 4.775 8.293/6.933 -4.89 
C l l 10.0 7.500 5.686 5.455 2.089 2.381 4.878 8.674/6.836 -3.33 
A12 10.0 8.220 7.725 6.042 2.817 2.933 5.063 - -3.80 
G13 10.0 7.726 - 5.703 2.523 2.615 4.973 12.791 -4.21 
C14 8.4 7.288 - 5.747 1.858 2.325 4.775 8.386/6.567 -3.89 
G15 8.4 7.924 - 6.156 2.599 2.361 4.661 - -3.96 
8.refT-A(CTT) 
CI 8.8 7.648 5.917 5.786 1.991 2.443 4.720 - . 
G2 9.9 7.995 - 5.954 2.745 2.757 5.002 13.055 -4.03 
C3 9.3 7.484 5.392 6.053 2.148 2.564 4.814 8.170/6.620 -4.11 
T4 9.8 7.455 1.642 6.067 2.135 2.567 4.888 14.106 -4.25 
T5 8.3 7.124 1.737 5.781 1.457 2.026 4.779 14.270 -4.28 
G6 10.0 7.226 - 5.839 1.970 2.077 4.828 12.424 -4.27 
G7 10.2 8.029 - 5.096 2.723 2.524 4.885 - -5.04 
A8 10.0 8.091 - 5.864 2.295 2.232 4.549 - -4.40 
A9 9.9 7.935 - 6.177 3.098 2.862 4.785 - .4.45 
CIO 8.8 7.607 5.868 4.743 2.122 2.181 4.749 8.369/6.913 -4.91 
A l l 10.0 8.272 7.394 5.780 2.835 2.891 5.081 - _3.10 
A12 10.1 8.126 7.589 6.067 2.673 2.873 5.075 - .4.04 
G13 9.9 7.632 - 5.691 2.454 2.598 4.947 12.817 -4.14 
C14 8.9 7.260 5.304 5.735 1.864 2.316 4.779 8.369/6.520 -3.96 
G15 8.9 7.921 - 6.163 2.598 2.364 4.662 - -3.94 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
3 J _ ’ G：^ 




CI 8.6 7.593 5.899 5.763 1.878 2.374 4.691 - -
G2 9.9 7.932 - 5.592 2.737 2.737 4.979 13.158 -3.96 
G3 9.5 7.802 - 6.021 2.612 2.797 4.982 12.830 -3.74 
T4 9.0 7.219 1.471 5.626 2.001 2.313 4.852 13.670 -4.32 
A5 9.5 8.019 7.571 5.993 2.414 2.667 4.976 - -4.14 
G6 10.1 7.018 - 5.621 1.810 2.122 4.822 12.374 -4.18 
G7 10.3 7.989 - 5.011 2.656 2.452 4.841 - -4.96 
A8 9.8 8.059 - 5.874 2.257 2.257 4.561 - -4.29 
A9 10.0 8.054 - 6.273 3.064 2.953 4.827 - -4.37 
CIO 9.4 7.655 5.560 5.560 2.162 2.300 4.759 8.259/7.019 -4.92 
T i l 10.1 7.391 1.666 5.653 2.199 2.493 4.909 13.640 -3.81 
A12 9.7 8.339 7.521 6.258 2.779 2.904 5.055 - -3.96 
C13 8.8 7.325 5.342 5.828 1.974 2.355 4.780 8.132/6.574 -4.15 
C14 8.8 7.438 5.628 5.620 1.975 2.322 4.804 8.659/7.019 -3.99 
G15 8.5 7.948 - 6.171 2.626 2.382 4.672 - -3.76 
10.refT-A(GTC) 
CI 8.7 7.593 5.894 5.769 1.890 2.387 4.696 - -
G2 10.1 7.937 - 5.625 2.732 2.764 4.989 13.163 -3.96 
G3 8.9 7.777 - 6.051 2.614 2.824 4.951 12.894 -3.78 
T4 9.7 7.275 1.349 6.045 2.127 2.528 4.881 13.781 -4.37 
C5 9.0 7.237 5.600 5.738 1.493 2.119 4.743 8.618/6.917 -4.15 
G6 10.0 7.224 - 5.823 1.935 2.153 4.824 12.645 -4.16 
G7 9.9 8.038 - 5.086 2.721 2.515 4.886 - -5.02 
A8 9.3 8.092 - 5.875 2.264 2.264 4.561 - -4.31 
A9 9.3 7.982 - 6.225 3.121 2.904 4.800 - -4.46 
CIO 9.9 7.590 5.826 5.006 2.131 2.232 4.758 8.446/6.941 -4.89 
G i l 9.9 7.897 - 5.633 2.747 2.827 5.052 12.843 -3.14 
A12 9.7 8.216 7.880 6.267 2.714 2.930 5.059 - -4.15 
C13 9.3 7.255 5.269 5.818 1.949 2.363 4.786 8.128/6.537 -4.19 
C14 8.9 7.426 5.599 5.638 1.963 2.323 4.810 8.650/6.988 -4.02 
G15 8.6 7.952 - 6.181 2.631 2.383 4.680 - -3.77 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
3JHI’H2’ A-H2/ G-NH/ 




CI 8.7 7.597 5.907 5.764 1.883 2.379 4.698 - -
G2 9.9 7.944 - 5.543 2.742 2.742 4.981 13.173 -3.96 
G3 9.9 7.825 - 6.039 2.619 2.800 4.995 12.842 -3.72 
T4 9.4 7.163 1.435 5.722 1.949 2.270 4.839 13.942 -4.33 
G5 10.1 7.627 - 5.646 2.384 2.531 4.926 13.050 -4.14 
G6 10.4 7.084 - 5.717 1.811 2.128 4.823 12.522 -4.05 
G7 9.8 8.012 - 5.035 2.689 2.484 4.865 - -4.95 
A8 10.1 8.076 - 5.878 2.263 2.263 4.569 - -4.28 
A9 9.8 8.031 - 6.276 3.116 2.948 4.818 - -4.41 
CIO 9.3 7.648 5.843 5.532 2.237 2.237 4.775 8.276/6.927 -4.87 
C l l 9.6 7.505 5.691 5.553 2.120 2.427 4.890 8.639/6.809 -3.36 
A12 9.8 8.326 7.813 6.261 2.807 2.923 5.056 - -3.84 
C13 9.6 7.315 5.360 5.849 1.970 2.359 4.795 8.163/6.582 -4.22 
C14 9.0 7.445 5.646 5.608 1.982 2.316 4.806 8.676/7.040 -3.98 
G15 8.7 7.955 - 6.183 2.629 2.382 4.698 - -3.73 
12.refT-A(GTT) 
CI 8.5 7.585 5.884 5.757 1.868 2.379 4.691 - -
G2 10.2 7.935 - 5.576 2.742 2.758 4.987 13.140 -3.96 
G3 9.7 7.812 - 6.071 2.640 2.836 4.995 12.868 -3.77 
T4 9.9 7.272 1.375 6.058 2.079 2.564 4.884 13.894 -4.33 
T5 9.3 7.097 1.677 5.804 1.443 2.042 4.774 14.199 -4.26 
G6 10.4 7.272 - 6.058 1.971 2.084 4.832 12.427 -4.26 
G7 10.3 8.030 - 5.086 2.728 2.524 4.889 - -5.04 
A8 9.9 8.092 - 5.856 2.291 2.244 4.550 - -4.36 
A9 10.2 7.939 - 6.176 3.092 2.859 4.783 - -4.44 
CIO 9.5 7.597 5.863 4.744 2.112 2.176 4.745 8.359/6.894 -4.91 
A l l 10.1 8.268 7.425 5.853 2.849 2.896 5.091 - -3.11 
A12 9.9 8.200 7.747 6.198 2.674 2.879 5.052 - -4.08 
C13 8.6 7.251 5.241 5.799 1.931 2.353 4.763 8.015/6.497 -4.14 
C14 8.9 7.425 5.597 5.613 1.968 2.325 4.805 8.622/6.979 -4.04 
G15 8.5 7.946 - 5.970 2.626 2.384 4.677 - -3.74 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
3Jhi,H2’ A-H2/ G-NH/ 




CI 8.3 7.682 5.930 5.793 2.080 2.474 4.721 - -
G2 9.9 8.013 - 6.063 2.728 2.855 5.001 12.876 -3.97 
T3 9.8 7.335 1.451 6.085 2.148 2.591 4.889 13.867 -4.35 
T4 9.4 7.384 1.704 5.683 2.032 2.340 4.875 13.851 -4.30 
A5 9.5 8.062 7.519 5.978 2.427 2.661 4.991 - -4.15 
G6 10.3 7.018 - 5.621 1.798 2.120 4.816 12.371 -4.15 
G7 10.2 7.986 - 5.006 2.653 2.449 4.838 - -4.95 
A8 9.2 8.057 - 5.873 2.256 2.256 4.561 - -4.29 
A9 10.1 8.051 - 6.272 3.061 2.954 4.825 - -4.37 
CIO 9.3 7.653 5.849 5.543 2.144 2.296 4.756 8.296/7.032 -4.91 
T i l 9.6 7.362 1.662 5.569 2.113 2.412 4.890 13.568 -3.83 
A12 10.1 8.291 7.050 5.942 2.798 2.919 5.073 - -4.01 
A13 9.7 8.146 7.650 6.067 2.580 2.797 5.011 - -4.15 
C14 9.4 7.189 5.258 5.599 1.797 2.253 4.735 8.236/6.674 -4.09 
G15 8.4 7.864 - 6.129 2.556 2.347 4.632 - -3.97 
14.refTA(TTC) 
CI 8.4 7.677 5.922 5.789 2.070 2.473 4.717 - -
G2 10.1 8.011 - 6.068 2.733 2.862 5.003 12.908 -3.97 
T3 9.5 7.343 1.445 6.115 2.180 2.638 4.882 13.947 -4.35 
T4 9.7 7.438 1.644 6.080 2.176 2.553 4.894 13.947 -4.31 
C5 8.5 7.270 5.657 5.693 1.507 2.110 4.756 8.637/6.960 -4.12 
G6 10.2 7.227 - 5.822 1.939 2.155 4.822 12.650 -4.11 
G7 10.3 8.036 - 5.085 2.717 2.511 4.882 - -5.02 
A8 9.8 8.089 - 5.875 2.260 2.260 4.560 - -4.31 
A9 9.6 7.983 - 6.220 3.110 2.904 4.798 - -4.45 
CIO 9.7 7.573 5.826 4.991 2.085 2.200 4.750 8.449/6.960 -4.88 
G i l 10.1 7.872 - 5.499 2.707 2.781 5.027 12.776 -3.18 
A12 10.0 8.179 7.387 5.985 2.733 2.925 5.087 - -4.10 
A13 9.6 8.113 7.744 6.082 2.565 2.805 5.014 - -4.20 
C14 8.9 7.183 5.240 5.631 1.801 2.262 4.753 8.232/6.662 -4.10 
G15 8.4 7.871 - 6.141 2.570 2.352 4.642 - -3.95 
(to be continued) 
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(continued) 
Chemical Shift (ppm) 
3Jhi.h2, A-H2/ G-NH/ 
(Hz) H6/H8 C-H5/ HI' H2' H2" H3' J：^^/,, '^P 
X TT-, C-NH41/ 
C-NH42 
15.refT-A(TTG) 
CI 8.3 7.691 5.934 5.801 2.097 2.482 4.724 - -
G2 10.2 8.016 - 6.067 2.733 2.862 5.003 12.873 -3.97 
T3 9.4 7.339 1.450 6.104 2.140 2.584 4.898 13.883 -4.37 
T4 9.2 7.327 1.677 5.717 1.997 2.288 4.851 14.181 -4.32 
G5 9.7 7.664 - 5.638 2.409 2.534 4.936 13.014 -4.07 
G6 10.2 7.089 - 5.714 1.805 2.128 4.819 12.522 -4.03 
G7 9.8 8.011 - 5.037 2.481 2.696 4.861 - -4.95 
A8 9.4 8.074 - 5.875 2.264 2.264 4.566 - -4.29 
A9 9.6 8.027 - 6.271 3.113 2.946 4.816 - -4.41 
CIO 9.4 7.642 5.844 5.520 2.272 2.272 4.770 8.253/6.930 -4.87 
C l l 9.8 7.474 5.678 5.448 2.034 2.337 4.865 8.676/6.764 -3.39 
A12 9.8 8.276 7.366 5.902 2.829 2.928 5.070 - -3.85 
A13 9.8 8.165 7.711 6.089 2.604 2.812 5.022 - -4.19 
C14 8.4 7.197 5.281 5.448 1.802 2.263 4.737 8.223/6.691 -4.09 
G15 8.3 7.867 - 6.133 2.557 2.350 4.632 - -3.97 
16.refT-A(TTT) 
CI 8.5 7.684 5.920 5.920 2.071 2.474 4.718 - -
G2 10.1 8.011 - 6.081 2.724 2.878 5.000 12.909 -3.97 
T3 9.8 7.338 1.431 6.130 2.204 2.636 4.905 13.970 -4.13 
T4 9.9 7.484 1.654 6.132 2.150 2.605 4.905 13.986 -4.32 
T5 9.7 7.121 1.732 5.786 1.457 2.029 4.791 14.160 -4.24 
G6 10.1 7.273 - 5.842 1.986 2.091 4.831 12.421 -4.26 
G7 9.7 8.032 - 5.090 2.724 2.523 4.886 - -5.05 
A8 10.1 8.092 - 5.856 2.290 2.235 4.548 - -4.37 
A9 9.5 7.932 - 6.169 3.084 2.854 4.782 - -4.45 
CIO 9.8 7.585 5.860 4.732 2.083 2.134 4.729 8.369/6.908 -4.91 
A l l 9.5 8.252 7.349 5.709 2.836 2.836 5.069 - -3.12 
A12 10.0 8.176 7.263 5.941 2.694 2.885 5.080 - -4.04 
A13 9.7 8.101 7.680 6.061 2.549 2.803 4.999 - -4.19 
C14 8.3 7.156 5.213 5.623 1.789 2.261 4.739 8.176/6.648 -4.43 
G15 8.9 7.857 - 6.131 2.563 2.346 4.638 - -3.98 
83 
Appendix XIII: ^H Chemical Shifts of Testing Sequences^ 
Chemical Shift (ppm) 




CI 7.615 - 5.748 1.952 2.389 4.689 -
G2 7.936 - 5.858 2.645 2.706 4.965 13.016 
C3 7.306 5.424 5.502 1.842 2.214 4.789 8.305/6.378 
A4 8.081 7.447 5.629 2.520 2.660 4.980 -
A5 8.105 8.046 6.068 2.750 2.750 4.998 -
C6 7.115 5.061 5.498 1.820 2.238 4.753 7.889/6.338 
G7 7.823 - 5.918 2.585 2.742 4.946 12.612 
T8 7.073 1.402 5.735 2.011 2.380 4.827 13.508 
G9 7.807 - 5.852 2.543 2.651 4.913 12.433 
TIO 7.096 1.413 5.806 1.770 2.132 4.753 13.387 
A l l 8.103 7.721 5.652 2.523 2.523 4.922 -
G12 7.806 - 5.805 2.620 2.667 4.959 12.592 
C13 7.245 5.315 5.596 1.798 2.221 4.782 8.352/6.441 
G14 7.812 - 5.636 2.619 2.696 4.953 13.227 
G15 7.785 - 6.136 2.345 2.509 4.637 -
Strand b 
CI 7.732 5.933 5.977 2.053 2.500 4.662 -
C2 7.507 5.664 5.582 2.091 2.391 4.841 8.618/63963 
G3 7.882 - 5.837 2.656 2.656 4.973 12.944 
C4 7.276 5.420 5.706 1.771 2.082 4.712 8.152/6.512 
A5 8.097 7.493 5.546 2.645 2.645 4.922 -
A6 8.129 7.501 6.083 2.653 2.813 4.994 -
C7 7.194 5.222 5.344 1.883 2.243 4.740 8.024/6.441 
A8 8.161 7.574 6.107 2.641 2.819 4.989 -
C9 7.116 5.182 5.492 1.755 2.167 4.753 8.024/6.441 
GIO 7.692 - 5.249 2.448 2.588 4.911 12.592 
A l l 8.155 8.089 6.162 2.825 2.825 5.002 -
T12 6.999 1.303 5.679 1.821 2.246 4.810 13.478 
G13 7.880 - 5.837 2.656 2.656 4.973 12.705 
C14 7.316 5.415 5.756 1.872 2.316 4.790 8.418/6.603 
G15 7.920 - 6.131 2.349 2.593 4.656 -
a Labile proton (G-NH, T-NH, C-NH41, C-NH42) chemical shifts were measured at 15 °C. Other 
proton chemical shifts were measures at 25 
(to be continued) 
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Chemical Shift (ppm) 





CI 7.623 - 5.752 1.959 2.400 4.695 -
G2 7.954 - 5.867 2.66 2.707 4.968 12.902 
C3 7.261 5.380 5.71 1.821 2.253 4.767 8.303/6.476 
G4 7.761 - 5.128 2.451 2.451 4.906 12.772 
A5 8.098 7.749 5.881 2.814 2.814 5.033 -
A6 7.938 7.400 5.927 2.599 2.768 4.995 -
G7 7.462 - 5.769 2.379 2.637 4.818 12.584 
T8 7.049 1.194 5.752 2.019 2.419 4.835 13.394 
G9 7.955 - 5.876 2.523 2.679 4.915 12.376 
TIO 7.014 1.361 5.684 1.680 2.294 4.795 13.348 
A l l 8.123 7.969 6.145 2.826 2.887 4.997 -
T12 7.156 1.329 5.943 1.970 2.376 4.817 13.522 
C13 7.438 5.642 5.487 1.978 2.278 4.805 8.543/6.897 
G14 7.830 - 5.636 2.626 2.693 4.959 13.168 
G15 7.783 - 6.124 2.337 2.503 4.623 -
Strand b 
CI 7.727 5.939 5.968 2.039 2.491 4.647 -
C2 7.482 5.656 5.474 2.012 2.304 4.810 8.645/6.954 
G3 7.835 - 5.367 2.654 2.713 4.959 12.789 
A4 7.984 7.499 5.715 2.444 2.632 4.980 -
A5 8.021 7.623 5.763 2.647 2.647 4.999 -
A6 7.976 7.539 6.055 2.535 2.753 4.967 -
C7 7.165 5.169 5.396 1.858 2.257 4.740 7.956/6.364 
A8 8.152 7.539 6.137 2.651 2.838 4.976 -
C9 7.227 5.169 5.739 1.839 2.361 4.673 7.843/6.630 
TIO 7.128 1.549 5.554 1.562 2.045 4.762 13.592 
A l l 8.187 8.141 6.164 2.818 2.873 4.999 -
C12 7.217 5.260 5.498 1.834 2.238 4.754 8.043/6.515 
G13 7.865 - 5.856 2.600 2.691 4.962 12.902 
C14 7.288 5.425 5.718 1.863 2.298 4.788 8.462/6.630 
G15 7.918 - 6.137 2.354 2.596 4.659 -
(to be continued) 
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Chemical Shift (ppm) 





CI 7.617 - 5.747 1.953 2.390 4.689 -
G2 7.940 - 5.860 2.646 2.700 4.967 13.030 
C3 7.300 5.422 5.523 1.823 2.206 4.792 8.328/6.461 
A4 8.045 7.465 5.761 2.501 2.614 4.973 -
A5 7.997 7.744 5.793 2.616 2.616 4.967 -
G6 7.591 - 5.594 2.555 2.648 4.926 12.553 
G7 7.561 - 5.876 2.453 2.688 4.859 12.662 
T8 7.097 1.260 5.766 1.978 2.406 4.830 13.558 
G9 7.803 - 5.785 2.546 2.641 4.953 12.603 
CIO 7.205 5.343 5.515 1.471 2.020 4.722 8.092/6.461 
A l l 8.225 8.194 6.186 2.831 2.831 4.997 -
C12 7.264 5.299 5.790 1.900 2.304 4.727 8.024/6.461 
C13 7.402 5.595 5.401 1.949 2.226 4.783 8.637/6.882 
G14 7.819 - 5.624 2.675 2.687 4.956 13.233 
G15 7.795 - 6.124 2.344 2.522 4.630 -
Strand b 
CI 7.728 5.935 5.959 2.030 2.483 4.651 -
C2 7.497 5.665 5.482 2.047 2.327 4.811 8.637/6.991 
G3 7.802 - 5.515 2.631 2.655 4.953 13.097 
G4 7.640 - 5.318 2.322 2.435 4.935 12.622 
A5 8.104 8.061 5.950 2.781 2.781 5.016 -
G6 7.575 - 5.759 2.458 2.614 4.928 13.623 
C7 7.251 5.249 5.514 1.915 2.307 4.788 8.148/6.253 
A8 8.190 7.650 6.147 2.663 2.842 4.986 -
C9 7.202 5.216 5.743 1.900 2.318 4.722 8.024/6.461 
CIO 7.293 5.483 5.547 1.723 2.177 4.768 8.274/6.800 
A l l 8.139 7.800 6.119 2.746 2.746 4.966 -
T12 7.133 1.480 5.648 1.909 2.279 4.817 13.435 
G13 7.893 - 5.837 2.663 2.663 4.969 12.733 
C14 7.326 5.424 5.761 1.876 2.319 4.788 8.620/6.619 
G15 7.920 - 6.134 2.352 2.595 4.652 -
(to be continued) 
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Chemical Shift (ppm) 




CI 7.615 - 5.743 1.952 2.396 4.695 -
G2 7.954 - 5.863 2.662 2.699 4.970 13.043 
C3 7.265 5.380 5.734 1.836 2.267 4.823 8.304/6.444 
G4 7.778 - 5.049 2.478 2.478 4.905 12.805 
A5 8.206 8.262 6.210 2.832 2.832 5.031 -
C6 7.117 5.135 5.519 1.805 2.237 4.763 8.047/6.389 
G7 7.849 - 5.928 2.610 2.750 4.957 12.655 
T8 7.076 1.424 5.726 2.010 2.386 4.829 13.499 
G9 7.811 - 5.855 2.538 2.665 4.917 12.432 
TIO 7.065 1.409 5.693 1.664 2.068 4.757 13.311 
A l l 8.116 7.615 5.654 2.728 2.728 4.967 -
A12 8.144 7.580 6.081 2.631 2.787 4.998 -
C13 7.165 5.216 5.456 1.720 2.145 4.730 8.167/6.517 
G14 7.775 - 5.611 2.595 2.675 4.934 13.131 
G15 7.767 - 6.123 2.338 2.497 4.624 -
Strand b 
CI 7.724 5.919 5.972 2.063 2.506 4.654 -
C2 7.526 5.667 5.567 2.136 2.413 4.844 8.575/6.941 
G3 7.927 - 5.947 2.633 2.720 4.980 12.769 
T4 7.089 1.503 5.710 1.676 2.065 4.757 13.400 
A5 8.100 7.596 5.662 2.728 2.728 4.975 -
A6 8.102 7.479 6.065 2.622 2.789 4.975 -
CI 7.183 5.213 5.341 1.864 2.237 4.727 8.047/6.444 
A8 8.160 7.562 6.093 2.621 2.813 4.976 -
C9 7.098 5.182 5.515 1.700 2.122 4.760 8.029/6.444 
GIO 7.724 - 5.033 2.438 2.438 4.884 12.677 
A l l 8.195 8.230 6.207 2.830 2.830 5.028 -
C12 7.129 5.180 5.527 1.758 2.206 4.763 8.029/6.444 
G13 7.861 - 5.860 2.623 2.692 4.961 12.911 
C14 7.284 5.428 5.718 1.854 2.298 4.776 8.454/6.640 
G15 7.913 - 6.133 2.355 2.595 4.651 -
(to be continued) 
87 
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Chemical Shift (ppm) 
H6/H8 C-H5/ HI ' H2' H2" H3' , 
t u 7 C-NH41/ 
I f ! C-NH42 
Sequence 5 
Strand a 
CI 7.609 - 5.748 1.952 2.388 4.688 -
G2 7.951 - 5.855 2.645 2.706 4.968 12.653 
C3 7.310 5.416 5.829 1.875 2.256 4.811 8.407/6.587 
A4 8.063 7.408 5.805 2.579 2.815 5.002 -
A5 8.033 7.883 6.028 2.691 2.754 4.993 -
T6 7.033 1.221 5.708 1.970 2.338 4.819 13.368 
G7 7.808 - 5.906 2.582 2.727 4.952 12.342 
T8 7.084 - 5.759 1.965 2.368 4.831 13.550 
G9 7.801 - 5.730 2.584 2.584 4.939 12.578 
CIO 7.287 5.363 5.786 1.841 2.134 4.694 8.069/6.403 
A l l 8.087 7.622 5.567 2.582 2.582 4.886 -
G12 7.840 - 5.832 2.640 2.690 4.967 12.578 
C13 7.250 5.331 5.588 1.806 2.224 4.783 8.375/6.467 
G14 7.816 - 5.650 2.599 2.693 4.952 13.233 
G15 7.786 - 6.142 2.518 2.352 4.634 -
Strand b 
CI 7.735 5.937 5.981 2.065 2.509 4.657 -
C2 7.505 5.670 5.600 2.090 2.391 4.844 8.629/6.975 
G3 7.885 - 5.823 2.651 2.651 4.977 12.947 
C4 7.314 5.426 5.804 1.876 2.151 4.769 8.085/6.467 
A5 8.063 7.586 5.580 2.578 2.578 4.884 -
G6 7.787 - 5.796 2.606 2.673 4.952 12.511 
CI 7.254 5.306 5.467 1.915 2.284 4.790 8.198/6.363 
A8 8.188 7.614 6.122 2.646 2.831 4.988 -
C9 7.180 5.279 5.358 1.781 2.172 4.732 8.069/6.429 
AlO 7.983 7.247 5.753 2.518 2.777 4.970 -
A l l 8.006 7.929 6.028 2.690 2.793 4.981 -
T12 7.016 1.236 5.693 1.864 2.264 4.815 13.550 
G13 7.867 - 5.831 2.651 2.651 4.967 13.012 
C14 7.314 5.403 5.753 1.800 2.319 4.796 8.280/6.363 
G15 I j n - 6.135 2.594 2.352 4.650 -
(to be continued) 
88 
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Chemical Shift (ppm) 
H6/H8 C-H5/ HI’ H2' H2" H3' , 
T^  C-NH41/ 
I f ^ C-NH42 
Sequence 6 
Strand a 
CI 7.624 - 5.771 1.969 2.416 4.702 -
G2 7.964 - 5.930 2.723 2.723 4.986 13.037 
C3 7.419 5.393 5.967 2.036 2.449 4.756 8.176/6.638 
T4 7.315 1.663 5.901 1.979 2.208 4.817 13.721 
A5 8.061 7.618 5.624 2.566 2.566 4.898 -
G6 7.748 - 5.543 2.643 2.674 4.951 12.563 
G7 7.623 - 5.861 2.462 2.672 4.895 12.634 
T8 7.065 1.290 5.666 1.880 2.271 4.805 13.546 
G9 7.788 - 5.398 2.584 2.657 4.954 12.429 
AlO 7.970 7.456 5.684 2.394 2.638 4.986 -
A l l 8.105 8.097 6.082 2.761 2.761 5.000 -
C12 7.174 5.064 5.783 1.852 2.286 4.706 7.806/6.303 
C13 7.388 5.552 5.416 1.947 2.235 4.783 8.567/6.825 
G14 7.815 - 5.636 2.632 2.685 4.959 13.222 
G15 7.796 - 6.130 2.342 2.520 4.632 -
Strand b 
CI 7.729 5.937 5.965 2.033 2.483 4.643 -
C2 7.485 5.649 5.485 2.036 2.331 4.814 8.637/6.968 
G3 7.802 - 5.524 2.641 2.686 4.962 13.063 
G4 7.630 - 5.391 2.418 2.624 4.959 12.664 
A5 8.151 8.142 6.172 2.835 2.835 5.002 -
T6 7.037 1.193 5.898 1.923 2.387 4.793 13.360 
C7 7.474 5.600 5.406 2.052 2.336 4.822 8.356/6.689 
A8 8.226 7.618 6.147 2.695 2.837 5.002 -
C9 7.205 5.237 5.726 1.893 2.299 4.721 7.987/6.508 
CIO 7.359 5.554 5.692 1.886 2.099 4.723 8.262/6.825 
A l l 8.085 7.618 5.473 2.570 2.570 4.892 -
A12 8.094 7.437 5.894 2.699 2.809 5.008 -
G13 7.649 - 5.684 2.481 2.568 4.935 12.707 
C14 7.285 5.325 5.766 1.892 2.318 4.788 8.338/6.508 
G15 7.917 - 6.145 2.354 2.598 4.651 -
(to be continued) 
89 
(continued) 
Chemical Shift (ppm) 
A-H2/ G-NH/ 





CI 7.613 - 5.759 1.951 2.411 4.695 -
G2 7.960 - 5.916 2.720 2.720 4.985 13.021 
C3 7.419 5.363 5.972 2.016 2.455 4.787 8.118/6.596 
T4 7.205 1.643 5.744 1.800 2.303 4.817 13.665 
A5 8.122 7.830 6.111 2.766 2.813 4.991 -
T6 7.128 1.396 5.669 1.989 2.334 4.824 13.282 
G7 7.845 - 5.896 2.591 2.707 4.936 12.395 
T8 7.104 1.345 5.627 1.897 2.256 4.794 12.642 
G9 7.722 - 5.520 2.557 2.647 4.929 12.773 
GIO 7.596 - 5.211 2.272 2.391 4.909 12.643 
A l l 8.117 7.778 5.865 2.812 2.812 5.023 -
A12 8.035 7.690 6.061 2.544 2.758 4.987 -
C13 7.144 5.192 5.484 1.702 2.146 4.707 8.139/6.488 
G14 7.775 - 5.598 2.592 2.664 4.935 13.131 
G15 7.767 - 6.123 2.335 2.495 4.620 
Strand b 
CI 7.724 5.923 5.978 2.061 2.507 4.656 -
C2 7.535 5.667 5.552 2.148 2.425 4.845 8.583/6.940 
G3 7.931 - 5.967 2.638 2.739 4.986 12.791 
T4 7.045 1.493 5.599 1.490 2.017 4.750 13.416 
A5 8.211 8.182 6.199 2.832 2.894 4.997 -
C6 7.218 5.216 5.746 1.886 2.300 4.699 8.013/6.415 
C7 7.415 5.545 5.255 2.019 2.288 4.739 8.400/6.708 
A8 8.204 7.607 6.114 2.670 2.814 4.988 -
C9 7.151 5.295 5.306 1.695 2.085 4.707 8.118/6.488 
AlO 7.986 7.281 5.644 2.438 2.571 4.929 -
A l l 7.987 7.528 5.703 2.637 2.637 4.980 -
A12 7.960 7.443 5.877 2.586 2.748 4.985 -
G13 7.609 - 5.692 2.444 2.573 4.923 12.710 
C14 7.249 5.283 5.722 1.846 2.298 4.778 8.329/6.488 
G15 7.904 - 6.137 2.345 2.586 4.643 -
(to be continued) 
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Chemical Shift (ppm) 
H6/H8 C-H5/ HI’ H2' H2" H3' T-NH/ 




CI 7.617 - 5.750 1.947 2.400 4.690 -
G2 7.959 - 5.885 2.697 2.697 4.976 13.068 
C3 7.396 5.390 5.984 2.054 2.421 4.824 8.170/6.359 
C4 7.356 5.621 5.426 1.681 2.081 4.752 8.400/6.890 
A5 8.217 8.124 6.182 2.815 2.815 4.995 -
C6 7.193 5.284 5.485 1.850 2.247 4.758 8.085/6.515 
G7 7.849 - 5.901 2.591 2.716 4.947 12.674 
T8 7.036 1.421 5.628 1.821 2.217 4.790 13.574 
G9 7.786 - 5.350 2.566 2.626 4.935 12.452 
AlO 7.930 7.456 5.756 2.348 2.588 4.959 -
A l l 8.013 7.851 5.785 2.641 2.641 4.971 -
G12 7.664 - 5.795 2.507 2.635 4.945 12.579 
C13 7.232 5.263 5.613 1.798 2.229 4.784 8.313/6.359 
G14 7.808 - 5.623 2.611 2.684 4.947 13.206 
G15 7.780 - 6.135 2.343 2.504 4.626 -
Strand b 
CI 7.723 5.925 5.973 2.047 2.499 4.647 -
C2 7.509 5.651 5.551 2.102 2.396 4.835 8.611/6.943 
G3 7.883 - 5.869 2.622 2.692 4.980 12.951 
C4 7.224 5.388 5.598 1.650 2.190 4.759 8.085/6.515 
A5 8.161 7.896 6.158 2.799 2.799 4.980 -
T6 7.134 1.410 5.877 1.971 2.388 4.798 13.313 
C7 7.488 5.642 5.367 2.061 2.333 4.812 8.400/6.748 
A8 8.239 7.585 6.113 2.681 2.829 5.002 -
C9 7.127 5.230 5.498 1.707 2.128 4.747 8.085/6.515 
GIO 7.704 - 5.200 2.395 2.395 4.881 12.674 
A l l 8.099 8.051 5.888 2.753 2.753 4.996 -
G12 7.576 - 5.552 2.500 2.643 4.949 12.818 
G13 7.706 - 5.852 2.517 2.672 4.953 12.916 
C14 7.275 5.353 5.720 1.876 2.308 4.796 8.418/6.555 
G15 7.914 - 6.148 2.354 2.594 4.651 -
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